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THE RESPONSES OF NORMAL AND HYPOPHY- 
SECTOMIZED RABBITS TO ADRENALINE 


By C. BACHMAN ann d. TOBY 
(From the Department of Biochemistry, McGill University, Montreal) 
, _ (Received December 6, 1935) 


A nuMBER of workers have observed that hyperglycemic responses to 
injected adrenaline are diminished following removal of the pituitary 
gland. Corkill, Marks and White [1933] and Cope and Marks 


- [1934] have reported that in the rabbit such responses may be diminished 


despite ample stores of liver glycogen. 

The object of this article is to examine more closely the immediate 
causes of the alterations in response to adrenaline produced by hypo- 
physectomy. | 
MATERIAL AND METHODS 

Twenty rabbits, hypophysectomized by the transpalatal method 
described by White [1933], were studied at intervals from 9 to 200 days 
following operation. Experimental and control animals were from a 
hybrid white strain of rabbits, bred and supplied by the same dealer. 
In the laboratory they were housed in individual cages, and were given 
a standard feed consisting of alfalfa hay, dats and barley grain, rolled 
oats, carrots and a mixed mash containing iodized salt. With few ex- 
ceptions new animals were given this ration for 3 weeks before being 
fasted or used. | 

As the hypophysectomized animals were killed, the completeness of 
the operation was checked by serial sections of the contents of the sella 
turcica, and, in doubtful cases, of the hypothalamic area. 

Blood sugar was determined by the Folin-Wu method. Liver and 


muscle samples for glycogen determinations Were secured under amytal 


anesthesia, A number of experiments in which liver and muscle samples 
were taken before, as well as following, adrenaline injections were 
necessarily conducted entirely under anzsthesia. In such experiments 
the surgical procedures adopted by Long and Horsfall [1932] and by 
PH. LXXXVII. 7 1 
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Sacks [1931] for similar work on cats were used. Through an incision 
running the length of one of the hindlegs the skin was carefully dissected 
from the underlying muscles. The incision was then closed with clips 
temporarily, in order to restore the original temperature of the leg, and 
after about 20 min. was reopened, the skin quickly reflected, and the 
leg packed in a slush of carbon dioxide snow and ether. After being 
frozen, the leg was amputated at the knee. At this time a small sample 
of liver was secured, and blood was taken for a control blood-sugar 
determination. The liver. wound was cauterized, and the abdominal 
incision closed. The femoral vessels were ligated after being freed of 
the accompanying nerves, and the animal was kept warm throughout 
the period of blood sampling, which lasted 3 hours. At the end of this 
time additional tissue samples for glycogen determination were obtained 
by repeating the above procedures upon the liver and the opposite hind- 

The entire musculature of the leg between knee and heel was utilized 
for securing aliquots of approximately 20 g. of mixed frozen muscle 
chips. These were dropped piecemeal into hot potash. Muscle and liver 
glycogen was determined by Good, Kramer and Somogyi’s [1933] 
modification of Pflüger's method. The glucose obtained upon hydrolysis 
was determined by the Shaffer-Hartmann-Somogyi [1931] method. 
This method was found to give values for muscle glycogen consistently 
lower by about 10 p.c. than the Shaffer-Hartmann macro method. 
In the Tables glycogen is expressed as glucose. | 


| 
Adrenaline dosage. In hypophysectomized rabbits examined during 
the absorptive stage, variability of hyperglycmmic responses to injected 
adrenaline was so marked that it became desirable to examine the 
possible influence of the dosage of adrenaline upon the results. The 
dosage first used was 0-2 mg. given subcutaneously, since this was the 
amount which was apparently used most frequently in the similar 
experiments of Cope and Marks and of Corkill et al. As Table I 
shows, however, this dose of adrenaline does not produce a uniform 
hyperglycemic response in either non-fasted hypophysectomized or 
intact rabbits. Table I also shows that sufficient uniformity of hyper- 
glycemic response in intact control rabbits is approached with doses 
of 0-25 mg./kg. body weight, although the levels at which it occurs 
are necessarily much higher. Adrenaline given subcutaneously in this 
amount is not absorbed, according to Cori [1931], at a rate exceeding 
L 


¢ 


222 


Ay 


7 
rat 


> 
ine 
rag 
| 
2 
2 
| 
| 
| 
* 
2 
8 
17 LI 
on 
N 
75 
2 
A 
— 2 
* 
| 
| 
an 
i 
* 
4 
2 
¥ 8 
N 
a: 
3 
iss 
* 


fe 


a 


Ay 
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the maximum physiological discharge of the test animal's own adrenals. 
This dosage was, therefore, adhered to throughout the remainder of the 
experimental work. 
(kg.) (ng. sugar 1} 2 24 3 
| | Intact rabbits | 
37˙2 0˙2 117 125 167 200 
909 133 250 380 484 
0˙7 125 236 332 380 
234 
380 


31 0-2 117 117 190 
0-8 111 


30 133 200 203 197 201 174 
3.2 0-2 108 134 174 222 | 
3-0 0-2 106 112 129 146 146 146 133 


— 


100 


1 1 1 | 
| Hours 
Fig. 1. Blood sugar responses to 0-25 mg. adrenaline per kg. of body weight in 
sh —— (10) fed, and (12) fasted, rabbits. 


| Glycogen stores in intact rabbits. The observation that hyperglyommio 

responses to adrenaline are diminished in hypophysectomized rabbits in 

spite of ample stores of liver glycogen made it desirable to examine the 
1—2 
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C. BACHMAN AND G. TOBY 
Taste II. Intact rabbits 
Control glycogen Blood sugar following Final glycogen 
Liver Control adrenaline (in hours) — 
weight Liver Muscle blood - A Liver Muscle 
(kg.) (s.) (po) (pe) suger 1 1 3 (e.) (pee. ) 
Tested during absorption; no amytal 
2˙3 92 — — 164 236 380 501 532 — — 
27 103 — — 143 154 203 348 348 8'58 — 
28 144 — — 148 302 400 400 540 317 0 
3-0 91 — — 106 270 342 410 345 142 # 0-376 
29 107 — — 143 344 430 571 430 0254 
3˙3 93 — — 123 250 396 544 3597 241 0-246 
Tested during absorption; amytal ansesthesia 
33 153 — 0-529 143 195 317 426 548 883 0335 
3-4 93 135 0755 106 302 378 500 552 41:19 0-482 
30 102 561 0576 155 290 374 400 556 278 0-386 
36 141 11.70 «#40808 190 286 440 516 592 693 0-436 
Tested after 48-hour fast; no amytal 
3-2 74 — — 138 167 268 392 328 0-35 — 
2-6 62 — — 138 252 307 357 390 — 
2˙8 75 — — 121 228 308 410 3507 058 0-137 
26 58 — — 116 212 332 360 432 
3-0 89 — — 118 258 342 462 440 0-54 0-059 
2-7 75 — — 123 204 276 342 360 2-66 0-062 
Tested after 48-hour fast; amytal antesthesia 
2˙4 38 — 0-417 129 200 236 348 304 006 0-265 
3-3 89 — 121 286 420 532 O11 0-240 
31 83 0-81 0557 121 210 302 364 444 0-20 0-318 
4-1 93 — 0-450 136 212 274 360 419 059 0275 
3-2 87 0-19 0-454 111 170 218 306 374 90-08 0-335 
2-9 65 0-60 0365 133 242 333 412 432 0653 0-186 


effect of varying such stores in both these and in intact animals. 
Fig. 1 and the data in Table II from which it is constructed show the 
results in intact rabbits. In these animals at least 48 hours are required 
to produce fairly low and uniform fasting levels of liver glycogen. As 
would be expected, the adrenaline hyperglycemia of animals tested 
during intestinal absorption is higher than that observed in the fasted 
animal, though the differences, at least during the first 3 hours of 
observation, are not as striking as the differences in calculated amounts 
of glycogen mobilized. On the assumption that skeletal muscle is 50 p.c. 
of the body weight, the amounts of glycogen mobilized are those given 
in Table III. 

In spite of the marked variation apparent in the glycogen data, two 
deductions concerning responses to adrenaline given subcutaneously 
would appear reasonable: first, that muscle glycogen provides an 
important percentage of the materials from which the hyperglycemia 
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Taare III 
Grams of glycogen mobilized 
Serial y 
No. Muscle Liver Total 
Fed rabbits 
2866 4-59 0-15 4-74 
2983 3-42 2-89 6-31 
2984 5-55 6-72 12-27 
Average 4-52 3-25 777 
Fiasted rabbits 
2867 3-72 0-51 4-23 
3030 1-76 0-10 1-86 
3136 2-61 2-66 
Average 2-70 0-22 2092 


is produced ; second, that the principal effect of large stores of preformed 
liver glycogen upon the hyperglycemia is to elevate, rather than to 
hasten the appearance of, the peak level of blood sugar. 

Modifying effect of amytal anesthesia. A comparison of the different 
parts of Table II shows that there is a higher level of muscle glycogen 
3 hours after adrenaline injection in experiments conducted entirely 
under amytal anesthesia than in those in which amytal was used only 
at the conclusion of the experiment [see Sahyun and Luck, 1929]. 
This is especially noticeable in the fasted animals, where possible com- 


pensating action by a well-stocked liver is not a factor. The usual 


hyperpneea which follows adrenaline injection in the rabbit is not present 
when this hormone is given to amytalized animals. The sparing action 
of amytal upon the muscle store of glycogen is not reflected, during the 
first 3 hours following adrenaline administration, in lower blood-sugar 
levels than those seen when no anesthetic is used. | 
Table IV shows the results in a number of animals in which the 
possible effects of amytal anssthesia, and the surgical procedures 
undertaken under anesthesia, were controlled by repeating the experi- 
ments without administering adrenaline. Both fed and fasted test 
groups are represented, as well as groups receiving neither amytal nor 
adrenaline. It will be noted that in a few animals hyperglycemia 
developed as a result of the surgical procedures. In these animals the 
leg reflexes were not satisfactorily suppressed during the manipulations 
necessary for muscle sampling. This was corrected in subsequent work by 
supplementing, where necessary, the original dose of amytal (75 mg. /kg. 
body weight intraperitoneally) with cautious additions ree 


until the desired degree of anesthesia was obtained. 
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Tam IV. Control experiments without adrenaline 
Control Blood sugar after Final glycogen 


t weight Liver Muscle blood -; A —, Liver Muscle 
(kg) (pe) (pe) suger 1 2 3 (po) (po) 

No amytal during test; not fasted 
33 119 — — 125 125 131 129 114 539 0-665 
29 125 — — 143 145 160 167 164 533 0-796 
29 117 — — 124 142 140 136 172 77/2 0'795 
No amytal during test; fasted 48 hours 

3°5 93 — — 121 110 112 107 109 155 0287 
2˙8 70 — — 103 119 106 97 115 133 C0408 
5 78 — — 121 111 Hs 121 135 108 0356 


Amytal anesthesia; not fasted; no surgery 
31 — — 123 129 143 130 155 — — 
33 — — — 121 128 126 112 115 — — 
39 — — 120 123 127 133 154 679 0750 


Amytal anesthesia; not fasted; control surgery 


3:3 161 717 0-645 148 143 170 160 163 520 0-523 


32 105 1753 0-781 127 216 219 238 218 #O-78 0-686 
33 99 5-51 0-767 129 143 145 157 176 389 0757 


Amytal anzsthesia; fasted 48 hours; no surgery 


Amytal anzsthesia; fasted 48 hours; control surgery : 
3 ˙2 89 0˙33 0-467 90 109 105 125 159 030 0-473 
3-2 75 0-56 0-546 114 138 133 158 182 = 60-33 0-531 
2-7 78 0-53 0-435 110 104 121 123 131 066 0-403 


The effects of hypophysectomy. Tables V and VI summarize the results 
in hypophysectomy. While the number of glycogen determinations which 
could be made is small, four features nevertheless are apparent: first, 
the non-fasted animal shows considerable variation in hyperglycemic 
response to adrenaline. Provided there is ample glycogen in the liver, 
these responses may be marked, though on the whole they tend to be less 
than in the non-fasting intact rabbit. Second, the hypophysectomized 
animal which has been fasted for 12-15 hours shows almost complete 
inhibition of hyperglycemic response to a dose of adrenaline which will 
regularly produce third-hour peaks of over 350 mg. / 100 C. c. in intact 
animals fasted for 48 hours. Third, liver glycogen in these animals is 
already greatly depleted 12-15 hours after withdrawing food, though 
the animals may have been eating well and maintaining body weight 
prior to this. Fourth, the stores of muscle glycogen are probably normal 
in the non-fasting hypophysectomized rabbit and, unlike similar stores 
in the liver, may suffer little loss 15 hours after withdrawing food. In 


4 
Pe p 
a 
2 
79 
in 
4 
* 
is 
* 
* 
hs 
Gi 
4 
} | 
* 
4 
al 
27 
« 
on 


Control glycogen Con- Blood following Finalglycogen Day Peri- 

Liver trol adrenaline (in hours) after toneal 

Serial weight Liver Muscle blood - Liver Muscle opera- fat 

No. (Kg.) (g-) (b. 0.) (pc.) sugar 1 1 2 3 (p..) (p..) tion (g.) 
Tested during absorption 

1991 28 49 — — 123 133 154 250 308 — — 109 191 

2123 25 94 — — 133 167 302 432 432 3-41 — 60 1865 

2125 28 82 — — 143 154 201 376 444 497 — 62 110 

2142 2˙9 — — — 119 154 250 320 346 — — 58 See 

3-4 — — — 100 133 143 190 — — 102 below 

243 31 — — — 111 154 203 308 362 — — 57 See 

3˙2 — — — 111 132 148 148 — — 100 below 

2144 3-9 — — — 117 143 210 250 276 — — 16 See 

below 

2148 346 46 — — 100 143 190 286 236 — — 161 461 

2267 2-4 65 — — 111 174 266 334 444 2-70 — 21 116 
2270 303 70 — — 100 105 200 396 432 — — 140 

2336 201 63 — — 133 167 174 222 228 2-90 — 10 — 

2384 2-6 — — — 108 160 210 266 26 — — 19 — 

32 — — — 91 100 125 147 168 — — 64 — 

3-7 86 758 0-680 129 157 235 266 296 567 0-608 165 191 

2386 2-7 76 — — 111 125 196 200 3-46 — 11 — 

Tested after a 12- to 15-hour fast 

2141 2-4 50 — — 76 87 102 123 118 0-05 — 42 232 

2142 3-6 56 0-17 0-583 97 91 95 121 152 O13 0468 200 319 

2143 31 36 — — 89 90 94 129 155 0-03 — 135 259 

2144 4-4 66 0-13 0-409 100 102 114 143 151 O11 0265 167 630 

TARA VI. Incompletely hypophysectomized rabbits 

Control glycogen Con- Blood sugar following Final glycogen Day Peri- 

gy trol adrenaline (in hours) -————, after toneal 

Serial weight weight Liver Muscle blood Liver Muscle o fat 

No. (Kg.) (g.) (pc.) (p. e.) sugar 1 1 2 3 (p.c.) (P..) tion (g.) 

Tested during absorption 

2337 27 91 — — 125 143 266 340 382 1:51 — 2¹ 48 

2338 29%? — — — 112 222 364 402 381 — — 26 — 

2340 2˙2 70 — — 108 134 250 340 364 2-60 — 10 — 
2341 2-2 84 — — 111 210 362 380 396 — — 39 

2382 23 — — — 121 210 398 410 496 — — 23 See 

2˙4 — — — 111 212 332 400 420 — — 66 below 

2437 207 — — — 115 308 320 484 538 — — 11 See 

3-0 — — — lll 154 308 468 401! — — 59 below 

2456 2˙9 — — — 125 226 334 396 456 — — 9 See 

2˙9 — — — 111 210 264 314 320 — — 52 below 

Tested after a 12- to 15-hour fast | 

2-4 44 — — 95 143 195 296 333 0-03 — 100 389 

3˙2 71 0-17 0-538 95 152 178 250 320 008 0-296 154 112 

2-8 55 — — 76 111 154 222 242 0-28 — 73 
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both fasting and non-fasting animals these muscle stores are apparently 
more resistant to the mobilizing action of adrenaline than similar stores 


in intact animals. 
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The hyperpnœa observable in normal rabbits which ha ve been given 
adrenaline is seen in the hypophysectomized animal only when a rise 
in blood sugar is provoked by this drug. 

Table VI shows that the liver is rapidly depleted of glycogen in 
fasting, subtotally hypophysectomized rabbits. The muscle glycogen also 
exhibits values lower than normal during the early stages of fasting, but 
appears to be readily mobilized. Adrenaline hyperglycemia is therefore 
not completely suppressed in fasting rabbits of this type, though it is 
less than that seen in fasted intact rabbits. | 

It is possible for the subtotally hypophysectomized rabbit to develop 
spontaneous hypoglycemic crises, and to resemble closely in other 
respects the completely hypophysectomized animal. The adrenaline test, 
therefore, offers possibilities for the development of a functional test for 
distinguishing between these two types of animal. 

Effects of castration. As Cope and Marks have pointed out, hypo- 
physectomy causes large accumulations of depot fat in the rabbit. In 
one of our animals the weight of the retro-peritoneal fat alone was 
630 g. or 16 p.c. of the body weight, 167 days after operation. In the 
rabbit, castration produces similar depositions of fat within several 
months, while thyroidectomy does not do so; it is therefore probable 
that the phenomenon is in part an effect of loss of gonad function upon 
spontaneous activity in this species. That there are differences, however, 
is apparent from Table VII, which shows that the laying down of extra 
depot fat causes a gain in body weight in the castrated animal, whereas 


Taare VII Hypoph 
3 ypophy 
Intact Thyroidecto- Castrated sectomized 

controls mized bbits rabbits 
25 Averages 47) (4) (6) (11) 
weight before operation (g. — 2544 3150 2755 
Survival in days 1 — 61 74 
Body ame at death (g.) 2970 2813 3313 2781 
Peritoneal fat (g.) 59 201 222 
Liver (g.) 113 69* 76* 55 

* Fasting weight 


Taste VIII. Adrenaline action in amytalized castrated rabbits fasted for 48 hours 
Control glycogen Con- Blood follo Final gl Day Peri- 
“se sugar following glycogen * 


in hours — — after toneal 

weighs weight Liver Muscle blood - 25 n Liver Muscle opera- fat 
(g (pc.) sugar 1 1 2 3 (pe) (p.e.) tion (g.) 

78 035 0290 133 222 254 402 454 055 0-125 66 277 

030 0305 146 195 242 333 406 007 0-222 62 210 

75 0-41 0335 117 196 264 348 302 008 0-174 64 405 

74 0-83 0-335 130 183 245 327 360 015 # 0-178 62 125 

76 136 0-364 126 185 229 266 64 129 
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there is little change in body weight in the hypophysectomized animal 
and therefore a corresponding loss in the non-fatty tissues. The adrenaline 
responses of castrated, moreover, differ little from those of 


animals (Table VIII). 


Discussion 


The decrease of liver glycogen stores during fasting is unusually rapid 
in totally or incompletely hypophysectomized rabbits. In the intact 
animal these stores are presumably maintained either by new formation 
of carbohydrate within the liver or by transference of carbohydrate from 
the muscles in the form of lactic acid; one or both of these processes 
must therefore be inhibited by hypophysectomy, since mobilization of 
liver glycogen is not significantly impaired. 

Adrenaline hyperglycemia is hardly obtainable in fasted hypophy- 
sectomized animals, and sometimes fails to appear in hypophysectomized 
animals from which food has not been withdrawn but which have shown 
loss of appetite and temporarily declining weight under unfavourable 
circumstances such as unusually warm summer weather, and which 
probably have low hepatic glycogen reserves. In intact rabbits, however, 
the carbohydrate mobilized by adrenaline is derived principally from the 
muscles; and the degree of hyperglycemia observed is not largely 
dependent on the amount of glycogen initially present in the liver. The 


totally hypophysectomized animals retain considerable amounts of 


muscle glycogen throughout a short fast, yet respond very poorly to 
adrenaline. It therefore seems not unreasonable to suppose that the 
muscle glycogen of completely hypophysectomized rabbits is not readily 


mo bilized by adrenaline; and that such animals fail to display adrenaline 


hyperglycsmia (unless considerable amounts of preformed glycogen are 
present in the liver) principally because the liver is not constantly 
supplied with lactic acid derived from muscle glycogen under the action 
of the hormone. Chaikoff e al. [1935] explained a decrease in 
adrenaline hyperglycemia in hypophysectomized dogs on this basis, 
noting that the rise in blood lactic acid after adrenaline was decreased. 
This point of view receives some support from such data as are available 
(Table V) for direct measurement of breakdown of muscle glycogen after 
adrenaline in completely hypophysectomized rabbits; and from the fact 
that incompletely hypophysectomized animals may develop moderate 
adrenaline hyperglycemia in spite of having very low liver glycogen 
reserves (Table VI). There are, however, no reliable estimates of the 
extent to which sugar newly formed from non-carbohydrate materials 
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participates in adrenaline hyperglycemia; and the possibility that 
inhibition of such glyconeogenesis is a cardinal consequence of hypo- 
physectomy is not excluded. 

SuMMARY 3 

1. In the intact rabbit, both fed and 48-hour fasted animals show 
marked hyperglycemia after the subcutaneous injection of 0-25 mg. of 
adrenaline per kg. body weight. ; 

2. In the hypophysectomized rabbit, fed animals react irregularly to 
adrenaline, but may exhibit a marked hyperglycemia provided the 
stores of liver glycogen are ample. Animals which have been fasted for 
only 15 hours, however, have very little liver glycogen and show very 
little hyperglycemic response to adrenaline. 

3. In the intact rabbit an important part of the material for hyper- 
glycsemic reactions to subcutaneously administered adrenaline is supplied 
by breakdown of muscle glycogen. Evidence is presented which suggests 
that impairment of hyperglycemic reactions to this hormone in the 
hypophysectomized rabbit may be due to relative fixation of muscle 
glycogen. 

4. Accumulation of depot fat has been observed in hypophy- 
sectomized rabbits; it is seen also in castrated (but not in thyroi- 
dectomized) rabbits, which, however, respond normally to adrenaline. 


The authors are indebted to Prof. J. B. Collip and Dr D. L. Thomson for much 
helpful interest and advice during the course of these studies, and to Dr L. I. e 
for assistance in the sugar determinations. : 
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CERTAIN EFFECTS OF PULMONARY GAS EMBOLISM 


By INDERJIT SINGH 


(From the Physiological Laboratory, Cambridge, and the Motos 
College, Rangoon University) 


(Received December 9, 1935) 


‘Duwn [1920], working with Barcroft, showed that a considerable pro- 


portion of the pulmonary vessels could be blocked without diminution in 
the blood flow through the lungs. Torracca [1922] briefly described 
the morbid anatomical findings after the intravenous injection of consider- 
able quantities of oxygen to guinea-pigs. Binger, Brow and Branch 
11924 a, 6] studied the cause of the respiratory disturbances produced 
during pulmonary embolism, while Barry [1929] investigated the electro- 
cardiographic and respiratory changes in pulmonary gas embolism. The 
present experiments are in continuation of work on the intravenous 
injection of oxygen [Singh, 1935], certain of the effects of — 
gas being studied in detail. 


EFFECT ON CIRCULATION 


(a) Cardiac output. This was determined on three urethanized cats 
by Henderson’s cardiometric method. The calibration was done with 
a syringe [Barcroft, 1934] worked at the same frequency as the heart. 
The effects on the stroke volume, the pulse rate and the resultant cardiac 
output are given in Figs. 1-3. Figs. 1 and 2 show a fall in cardiac output 
followed by a rise. Fig. 3 shows a rise without a preceding fall. Later the 
cardiac output may return to the original value (Figs. 1 and 3) or may 
continue to be raised (Fig. 2). The preliminary fall in cardiac output is 
associated with a rise of venous pressure and therefore appears to be due 
to blocking of pulmonary vessels. The subsequent increase in blood flow 
is presumably due to opening of other vessels and may be regarded as 
compensatory in character. But it takes place whether or not there is 
a preliminary decrease. The preliminary decrease cannot therefore be 


. 
= * 
q 
Zn 
ry 
+ 
“fe 
cas 
* 
* 
* 
a 
— 
* 
ity 
ar 
* 


12 I. SINGH 


reganied as a necessary cause of the subsequent dilatation, and some 
other cause must be sought; this cause might be a reflex originated by the 
emboli themselves. 


* * * * LJ 


4 
1-01- 


667 6 7 
Period of injection 
Time in min. 


Fig. 1. Effects of injection of air, 1 o. o. per min.; weight of cat 1650 g. 


(b) Systemic arterial blood-pressure. This shows variations parallel 
with those of the cardiac output. There is usually a fall of blood-pressure 
followed by a rise, which may or may not persist. The factor which 

ctormines the general blood-pressure seems to be the cardiac output. 
Most of the changes are determined purely by mechanical considerations, 
a fall followed by a rise of blood-pressure being also produced if the 
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| pabisouniy capillaries are occluded by — the intra-alveolar pressure 


[Sharpey-Schafer, 1933]. 
(c) Pulmonary circulation. The blood-pressure in the pulmonary 
artery is raised in cats and dogs, and in the former even if 1 c. o. of air is 


24" T = 


— 


— 


output in ec. per min. 


8 


Time in min. ‘ 
Fig. 2. Effects of injection of air, 1-5 c.c. per min.; weight of cat 1690 g. 


injected. The increase is due to blockage of the pulmonary arterioles and 
to the increased cardiac output resulting from pulmonary embolism. 
Compensatory dilatation of the blood vessels in the lungs occurs, due 
partly to rise in pulmonary blood-pressure and the increased output of the 
heart. Mild asphyxial convulsions were produced in three decapitated 
cats by partial occlusion of the pulmonary capillaries brought about by 
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raising the intra · alveolar pressure [Sharpe y-Schafer and Bain, 1933]. 
Embolism was then produced and the asphyxial convulsions ceased 
because the resulting stimulation of the heart overcame the increased 
intra- alveolar pressure. The compensation thus produced overshot the 
requirements of the body, for if a certain dose of oxygen or air produced 
asphyxial convulsions, a larger dose did not do so after compensation 


BS Stroke volume of heart in c.c. 


110 


0˙1 


Cardiac output in ¢.c. per min. 


LI 


bai 


6 
Period of injection 
Time in min. 


Fig. 3. Effects of injection of air, 2 0,0. per min.; weight of cat 1650 g. 


had been established (Table I). These experiments show that a consider- 
able number of pulmonary arterioles may be blocked without any 
diminution in the pulmonary blood flow, as found by Dunn [1920] and 
Haggart and Walker [1923]. 


The accelerated circulation through the lungs after embolism may 
explain certain phenomena which have been noted clinically by some 
observers and refuted theoretically by others. Tunnicliffe and 
Stebbing in 1916 gave small quantities of oxygen intravenously to 
three patients. They reported the presence of a churning sound over the 
precordium and state that the clinical condition was improved in two 
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TABLE I 
Amount of oxygen 
No. of massa 75 10 min. 
1 Absent 
2 6 Present 
. 7 Absent 
8 Absent 
5 9 Present 
6 10 Present 
7 11 Present 
8 12 Present and death 


cases. The amount given (10-20 C. 0. per min. for periods of 10-15 min. 
separated by pauses of 2-3 min.) could have had very little effect in 
raising the oxygen content of the arterial blood, the normal oxygen 
requirement for an adult being about 250-300c.c. per min. The im- 
provement must have been brought about by circulatory acceleration 
owing to the presence of bubbles in the lungs. Similar phenomena in 
patients receiving intravenous oxygen a and Bain, 1931] were 
probably due to the same cause. 


EFFECT ON PULMONARY GASEOUS EXCHANGE AND METABOLIC RATE 

The oxygen consumption of six decapitated cats was measured before, 
during and after the production of embolism, using the method described 
by Singh [1932, 1934]. The results are shown in Table II. During the 


TaBLe II 
| Oxygen consumption per 10 min. (c.c.) 
Wt.of Before injection During After injection cs 
cat in 7 * injec- 7 
No. g 1 2 3 i 1 2 3 4 5 6 
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: Temperature 26° C. Pressure 760 mm. Hg. Dose of oxygen injected = 10 b. o. in 10 min. 


period of injection there is a sharp decline in the oxygen respired through 
the lungs, due to the blockage of blood vessels with gas emboli. As re- 
distribution of blood takes place, owing to compensatory dilatation and 
opening up of other blood vessels, the oxygen consumption rises con- 
siderably but soon returns to the value before the injection. If the 
metabolism was. declining previous to the injection, then the necessary — 
correction has to be made [Singh, 1932, 1934]. During the injection, as 
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the pulmonary vessels are blocked, an oxygen debt is incurred and is 
repaid when the vascular compensation takes place. The repayment 


takes place in two stages, a rapid and a slow one. The seat of blockage ~ 


seems to be the arterioles and not the capillaries, as any gas present in the 
latter would easily diffuse out into the alveoli. 

The metabolic rate shows a rise of about 5 p.c. In calculating the 
effect on metabolism, the fluctuations in gaseous exchange produced by 
the occlusion of the pulmonary vessels have to be taken into account. 
The effects on oxygen consumption are shown in Table II. Cat No. 2 
consumed 12 c. c. in excess of what was required to repay the debt set up 
during the period of injection. The same is noted in other experiments. 
In cat No. 6 there was no decline as is usually produced by embolism, but 
the oxygen consumption rose from 194 C. c. per 10 min. before to 207 c. c. 
in the 10-min. period of injection and 211 c.c. in the subsequent observa- 
tion. Here the rise in metabolism had overshadowed the decline due to 
pulmonary obstruction. From the above it is obvious that figures repre- 
senting oxygen consumption in a cat during embolism are the algebraical 
sum of changes produced by a rising metabolism, a diminished gas 
exchange due to pulmonary obstruction and the repayment of oxygen 
debt when compensation has been established. The first and the last tend 
to raise the figure while the second tends to lower it. During the period 
of the injection, these factors may produce a decline in the oxygen con- 
sumption greater than, less than, or equal to the quantity of oxygen in- 
jected. The subsequent observation will show a rise compared with that 
obtained before the injection, thus indicating embolism. A minor degree 
of embolism may produce no change in the oxygen consumption, dilata- 
tion of blood vessels proceeding part passu with obstruction, thus pro- 
ducing no oxygen debt and no rise in metabolism. 


_ EFFECT ON RESPIRATION 


Bronchial spasm. Dunn [1920] from histological sections had observed 
irregular narrowing of the lumina of the bronchioles due to local thicken- 
ing of the musculature. This was also observed by Binger, Brow and 
Branch [1924 al] in lungs of embolized as well as normal dogs. They con- 
cluded that such findings do not prove the presence of bronchial spasm 
during embolism. An experiment on a pithed cat was therefore carried 
out to determine directly the existence of any spasm. Using the Dixon- 
Brodie oncometric method the changes in lung volume during artificial 
respiration were recorded. The result is shown in Fig. 4. The spasm was 
— It was less after * of atropine in 1 c. C. of saline in- 
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travenously and was immediately abolished by 1c.c. of 1/10,000 
adrenaline. Binger, Brow and Branch, from measurement of the 
residual air, found reduction in lung volume, but ascribed it as due to 
hypostasis, edema and swelling of the capillaries. But the diminution in 
lung volume as measured by the Dixon-Brodie oncometric method 
comes on almost immediately after the embolism is produced, the time 
being too short for such vascular complications as mentioned above. It 
was shown that adrenaline increases the blood flow through the lungs and 


é 


Fig. 4. Lung volume. A. Bronchial spasm in a cat produced by injecting 8 c. c. of air at 
the rate of 2 c.c. per min. B. Spasm still occurs after 0-2 mg. of atropine intravenously. 
C. Spasm is relieved immediately by 1 c.c. of 1/10,000 adrenaline intravenously. Time 
in seconds. adr=adrenaline. 


this retards their expansion during respiration [Dixon and Ransom, 
1914], so that if the diminution in lung volume be due to the presence of 
vascular complications, it should be aggravated rather than relieved by 
adrenaline. The action of this drug proves that a genuine spasm of the 
bronchial musculature occurs. The spasm is independent of any reflex 


through the vagus from the medulla, as the latter was destroyed before 


the experiment. It is also independent of any local axon reflex through 
the vagus, since it is still well defined when the vagus endings are para- 
lysed by atropine. This spasm resembles the one produced by inhalation 
of volatile substances described by Dixon and Ransom [1921] and 
poisonous gases [Dunn, 1920]. | 
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Effect on respiratory movements. The effect on the frequency and 
amplitude of the respiratory movements is variable. Both the frequency 
and amplitude may diminish, resulting in apnoea with standstill either in 


inspiration or midway between inspiration and expiration. As the 


apnoea persists, gasping movements are superadded. The apnoea is 
relieved immediately on cutting the vagi. The frequency may be in- 
creased without any change in amplitude or, with an increase in fre- 


quency, the amplitude may be increased or diminished. All these 


changes in the respiratory movements are abolished if the vagi are cut. 
From this Dunn [1920] concluded that the presence of emboli in some 
way interfered with the Hering-Breuer reflex, and section of the vagi 
blocked certain afferent peripheral impulses initiated by the presence of 


starch emboli. Binger, Brow and Branch [1924a] showed that 


Fig. 5. Rapid shallow breathing produced by stimulating central end of cut vagus. 
(Stimulated between signals.) 


vagotomy slows the tachypneea of central origin, and such slowing does 


not necessarily imply the blocking of afferent irritative impulses, hence 
the slowing produced by starch tachypnœa cannot be used as evidence 
for the existence of such impulses. That the respiratory changes as a 
result of pulmonary embolism are produced by afferent impulses in the 
vagi can be shown by the fact that most of them can be elicited if the 
central end of a cut vagus is stimulated electrically. Thus apnoea can be 
reproduced, as shown by the classical experiment of Head, by stimula- 
tion of the central end of the cut vagus. Rapid shallow breathing—such 
as may result from embolism (Fig. 8 B)—can be reproduced in a similar 
manner (Fig. 5). This indicates that the respiratory changesinembolism 
are produced by afferent impulses due to stimulation of the vagal termin- 
ations in the lungs. 

ACTION OF ADRENALINE 


The three principal results of pulmonary gas embolism are the 
reduction in the quantity of oxygen respired leading to asphyxia, 
_ bronchial spasm and disordered respiration. Various drugs were tried to 
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counteract these effects, and it was found that adrenaline affected os 
three. 

(a) Effect on asphyxia. When embolism is produced, the quantity of 
oxygen respired by the animal diminishes. This diminution is not due 
to a decline in metabolism per se, but to pulmonary blockage, as is evident 
from Table II. It was mentioned above that one of the factors in bringing 
about compensatory dilatation of blood vessels after embolism is the 
increase in the pulmonary blood-pressure. It is therefore probable that 
anything that increases the latter will tend to increase the compensatory 
dilatation of the pulmonary blood vessels. The asphyxia will also be 
relieved if more blood circulates in unit time owing to an increase in the 
output of the heart. Since adrenaline raises the pulmonary blood-pres- 
sure [Sharpey-Schafer, 1933] and also stimulates the heart, it was 
administered to three cats after producing so great a blockage of the 
pulmonary vessels that no more compensation occurred. The results of an 
experiment are shown in Fig. 6. Adrenaline immediately raised the 
amount of oxygen respired but the effect was only temporary, as the 
action of the drug is temporary. But the amount of oxygen respired 
after adrenaline may continue greater than before its administration, 
showing either that it accentuates the vascular compensation in em- 
bolism or that it drives the gas emboli through the arterioles into the 
lung capillaries. It is doubtful if the gas ever escapes into the systemic 
circulation, as it would diffuse out into the alveoli when it reaches the 
capillaries of the lungs. After adrenaline, a greater quantity of gas can 
be injected without apparently producing any effect on the oxygen 
respired, and a larger dose of gas than usual is required to bring about an 


equivalent reduction. It would be expected that, after all the blood 


vessels of the lungs are dilated to their maximum capacity, blockage of 
some of them would not be succeeded by any compensatory phenomena 
as described above. Thus a cat whose oxygen consumption was 124 0. c. 
in 10 min. had it reduced to 85c.c. by injecting oxygen. This was 
followed by the usual compensatory phenomena, and the oxygen con- 
sumption was restored to its original value. After adrenaline a reduction 
to 85 c.c. was followed by death. This would have a bearing in certain 
inflammatory diseases of the lungs, wherein there would be inflammatory 


dilatation of blood vessels so that embolism would be less completely 


compensated than if the lungs were not inflamed. 
The increase in metabolism due to adrenaline may counteract the 
advantage gained by the increased compensation it produces. The animal 


may be asphyxiated on injeotion of adrenaline so that it is thrown into 
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convulsions. This action is only temporary. In embolism of the lungs 
the oxygen respirated by an animal may be diminished to such an extent 
that the animal lies just on the verge of a convulsive attack. Increase in 
_metabolism will now result in metabolic asphyxia, so that the injection 
‘of adrenaline will produce convulsions, as the latter raises the metabolism. 
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0 30 60 90. 120 1 
Time in min. : 

Fig. 6. Relief of embolic asphyxia by adrenaline. 1, 2, 3. Normal O, consumption. 
4. Result of embolism; O, injected at the rate of 1:5 C. 0. per min. 5. Repayment of 
oxygen debt. 6. Result of embolism of a greater degree than 4. 7. Shows lack of 
compensation. 8. Result of adrenaline 1 c.c. 1/10,000; O, consumption rises to normal. 
9. Effect of adrenaline passes off. 10, 11, 12. Level of O, consumption higher than 
6 and 7, showing permanent benefit by adrenaline. 13. Effect ofembolism. 14. Showing 
lack of compensation. 15. Effect of adrenaline. 16. Effect of adrenaline passes off. 
Cat dies. 


(b) Effect on disordered respiration. Adrenaline in cats, dogs and rab- 
bits produces effects opposite to those produced by embolism. Thus if the 
frequency and amplitude of respiration be increased as a result of embol- 
ism, adrenaline decreases them (Fig. 7). The effect of adrenaline may be 
transient or permanent, the permanent action probably being due as 
already stated to removal of the emboli from the arterioles. If the 
frequency is increased with diminished amplitude, adrenaline restores 
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than before embolism (Fig. 8). Apnoea produced by embolism is immedi- 


Fig. 7. A. Normal respiration (cat). B. Effect of pulmonary embolism; tracing about half 
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the normal respiration though the frequency may be slightly greater 


ately relieved by adrenaline (Fig. 9). In high concentrations (1 in 1000) 


a minute after injection. C. Effect of 0-5 c. 0. of 1/10,000 adrenaline intravenously. 
(Respiration recorded by means of a tambour connected with another tambour with 
a piece of cork on its diaphragm pressing in the intercostal angle.) Adrenaline acts 
almost immediately. 


Fig. 8. A. Normal respiration (dog). B. Effect of pulmonary embolism; tracing about half 
a minute after injection. C. Effect of 1 c. 0. of 1/10,000 adrenaline intravenously. 
(Respiration recorded by a lever connected to a pin in the intercostal angle by means of 
a string over the pulley.) Adrenaline acts almost immediately. 


Ad ONAL 


Fig. 9. Apnoea produced by pulmonary embolism is relieved by adrenaline 1 Cc. C. 1/10, 000. 
Adrenaline injected at signal. 


adrenaline may produce apnoea temporarily before the above effects are 
manifest. Mellanby and Huggett [1923] found that adrenaline 
abolishes the dyspnoea produced by oxygen want and excess of CQ). 
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Occasionally adrenaline may aggravate temporarily the embolic effects 


on respiration. This is probably due to increased friction between the 


emboli and blood vessels owing to rise in pulmonary blood-pressure. 


SUMMARY AND CONCLUSIONS 


1. A minor degree of pulmonary gas embolism accelerates the 
circulation. 

2. Oxygen consumption is diminished during the period of blockage, 
but exceeds and then returns to the normal when vascular compensation 
occurs. During the period of blockage oxygen debt is set up which is 
repaid subsequently. 

3. Metabolism is increased by about 5 p.c. by pulmonary embolism. 

4. Adrenaline relieves embolic asphyxia, spasm and disordered 
respiration, but this effect may be counteracted by the increase in 
metabolic rate due to the adrenaline. 


In conclusion I wish to thank Prof. Sir Joseph Barcroft for criticism and advice. 
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THE BREAKDOWN OF A COLOUR MATCH WITH 
HIGH INTENSITIES OF ADAPTATION 
By W. D. WRIGHT 
(From the Imperial College of Science and Technology, South Kensington) 
(Received December 10, 1935) 
INTRODUCTION 


In a paper on adaptation [Wright, 1934], it was reported that when 
the eye was adapted to a stimulus of considerable brightness, say above 
15,000 photons, the colour-mixture equation between two patches of 


light was, under certain circumstances, upset. Thus, if a yellow was 


matched initially by a mixture of red and green, the match was found 
to be no longer satisfactory after adaptation, an increase in the proportion 


of red usually being required to equate the colours. It was also shown 


in the same paper that the recovery from the depressed sensitivity level 
induced by adaptation suffered a marked change, again mainly in the 


ease of the red, at about the same adaptation intensity at which the 


colour match broke down. For moderate degrees of adaptation, the 
recovery curves were linear, but with increasing intensities, a pronounced 
irregularity developed in the case of the red. On the other hand the 


green curve, although it lost its linearity, showed none of the marked 


abnormality displayed by the red response. 

It is reasonably certain that the breakdown in the yellow colour 
match and the irregularity in the red curve are different manifestations 
of the same phenomenon. There are two ways in which a colour match 
might be upset, (a) by a change in the shape of the spectral response 
curves (the so-called sensation curves), or (b) from the interposition of 
a colour filter, in the form of a pigment, in the optical media of the eye 
or, what is equivalent, by a change in colour of a pigment that already 
exists. It is, for instance, easy to show that the insertion of a coloured 
glass in the path of the light beam from a colorimeter will, in general, 
upset any match previously obtained. 
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The present paper describes measurements made in connection with 
the colour match breakdown, in an attempt to determine which of these 
alternatives is correct. 


THEORY OF THE MEASUREMENTS 


The method adopted in the investigation was similar to that used 
previously, when determining the spectral coefficient curves and white 
points [Wright, 1929] of a number of observers. In making these colour 
measurements it was found advantageous to record the relative amounts 
of the three instrument primaries, red, green and blue, in terms of units 
based on matches of two spectral radiations, a yellow and a blue-green, 
rather than on a white light of given energy distribution. For details 
of the method reference must be had to the original paper, but the 
fundamental advantage depends on the fact that the colour of a mono- 
chromatic radiation is unaffected by any intermediate colour filter or 


pigment, whereas the colour of a source with an extended spectrum, such 


as a tungsten lamp, will be appreciably altered. Thus in the case of the 
yellow macular pigment, the spectral coefficients obtained using the 
monochromatic units were independent of the density of the pigment, 
whereas with the white units the spectral coefficients varied according 
to the yellowness of the pigment, even when the response curves of the 
receptors themselves were unchanged. Further, when white is taken as 
the unit colour, the white point always has the same position in the 
colour triangle, but with the monochromatic system, the position of the 
white point will be a direct indication of the colour of the e copa 
pigments. 

Ihe application of this argument to the present problem is as follows: 
if the breakdown in the colour match is due to the bleaching of an 


intermediate pigment such as the macular pigment, then the spectral 


coefficients, determined on the monochromatic basis, will be the same 
after adaptation as before, but the white point will have shifted in a 
direction indicating the colour change i in the pigment. On the other hand, 
if adaptation produces a change in the shape of the response curves, this 
will be revealed by a change in the spectral coefficients themselves and, 
in general, by a shift of the white point as well. 


APPARATUS AND TECHNIQUE 


The apparatus used was the author’s trichromatic colorimeter 
[Wright, 1929] in which a 2° bipartite field is used, one half illuminated 
by a monochromatic radiation to act as the test colour, while the other 
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half consists of a mixture of three radiations, at wave-lengths 0-65, 0-53 
and 0-46, to act as the instrument primaries. The amounts of these 
primaries can be varied by the observer to match the test colour both in 
colour and intensity. Actually, when the test colour is a monochromatic 
radiation, a negative amount of one of the primaries is necessary to 
obtain a true match. A negative value cannot be determined directly, 
but may be found by adding sufficient of the appropriate primary to 
the test colour field until the mixture of test colour and desaturating 
primary is such that it can be matched by a positive mixture of the 
three primaries. A subsidiary observation is then made to determine the 
amount of primary added, which, on subtraction, will give the negative 
value desired. | 

In the system used in these and other observations, the amounts of 
red and green required to match a yellow of wave-length 0-5825 were 
made equal, and similarly, the blue and green units were adjusted to 
be equal in a match on 0-494. A colour C would then be represented 
by an equation of the form 


20 +yB, 
where «, B and y give the amounts of red, green and blue required to 


match an amount z of C, a, f and y being, of course, measured on the 
units given above. In order that the equation may refer only to the 


/ colour quality and not to the intensity of C, the coefficients are divided 


by («+8+/y) to give a unit trichromatic equation 
CO=aR+bG +cB, 


0 B * 


Thus a+6+c=1 and the amount of C in such an equation is taken as 


unity. Further details of the method, with sample calculations, are given 
elsewhere by the author [1929]. 
In addition to the normal colorimeter field, an adaptation patch had 


to be provided. This was arranged using the same device employed in 


experiments on the effect of adaptation on intensity discrimination 
[Wright, 1935]. In this, an adapting field of 5° angular subtense could 
be viewed in place of the 2° colorimeter field, but on rotating a mirror 
the test field could be revealed momentarily. Releasing the mirror 
automatically brought the adapting field into view again. 

To determine the effect of adaptation on the trichromatic equations 
of the spectral colours, the coefficients were first determined in the normal 
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manner, by matching 0-5825 and 0-494 f to find the units of the primaries, 
and then matching the radiations being tested, with, where necessary, 
subsidiary matches on the desaturating primary used. The eye was then 
light-adapted and the whole series of observations, including those on 
the unit colours, repeated. In order that each observation should be 
made under the correct adaptation conditions, the adapting field could. 
only be removed for very short intervals, of the order of a second, to 


permit the colorimeter field to be seen. In practice, the eye viewed the 


adapting field for 3 min. and then viewed a particular test colour 
momentarily. The adaptation was continued, the primaries were adjusted 
to improve the match, the test field viewed again, and so on, until a 
satisfactory match was obtained for the adapted eye. While a new test 
colour was being provided, the observer rested; the 3-min. period of 
adaptation was then repeated and the new test colour rematched. Each 
observation was repeated three times to obtain a mean value. 

All the observations were made by the author. This is an important 
consideration, as we have found very wide variations in certain adapta- 
tion phenomena among different observers. The origin of these variations 
has still to be determined. : 

Resvts 


The coefficients of four monochromatic radiations, 0-5825, 0-494, 0-55 

and 0-61, and of a white (approximately the C. I. E. S, source) were 
obtained for no light adaptation and for light adaptations of 20,000 and 
48,000 photons. The adapting radiation was a white with a colour 
temperature of approximately 2700° K. Coefficients for a white test colour 
are also given after white adaptations of 72,000 and 145,000 photons 
and a red adaptation of 90,000 photons. These results are shown in 
Tables I and II. Results on a different white (the C.I.E. S, source) are 
given in Table III. 

The selection of these monochromatic test colours was dictated by 
the fact that the first two had to be measured to derive the trichromatic 
units, while 0-55 and 0-61 were respectively intermediate between 
0-5825 % and the green primary, 0-53, and between 0 5825 ½ and the 
red primary, 0°65. They should therefore be most sensitive to any 
changes of coefficients that may occur, since 0-53, 0-5825 and 0-65 are 
fixed in their red-green relation. 

The measurements on the monochromatic radiations have been 
repeated on several occasions, although it was not thought necessary 
to give more than the one set of results. 
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Taste 1 
Trichromatic coefficients 


oe 20,000 photons 000 photons 
Test colour § Primaries No adaptation white adaptation white ptation 
0-508 0-505 


05825 R 0-501 
(700 photons) G 0-508 0-505 0-501 
B 0-016 0-010 ~ 0-002 
0-494 R 0-148 -0-120 -0-100 
(75 photons) G 0-574 0-560 0-550 
B 0-574 0-560 0-550 
0-55 K R 0-150 0-143 0-123 
(500 photons) G 0-876 0-879 0-908 
B 0-026 ~ 0-022 -0-031 
0•61 R 0-823 0-794 0-769 
(400 photons) ) G 0-180 0-200 0-213 
—0˙003 0-006 0-018 
White R 0-199 0-201 0-134 
(200 photons) G 0-371 0-384 0-404 
B 0-430 0-415 0-462 
II 
Trichromatic coefficients 


11 
b B 0-475 0-433 0-451 
Taste III 
Trichromatic coefficients 


20,000 photons 40,000 photons 80,000 photons 
No white white white 
Test colour Primaries adaptation adaptation adaptation adaptation 


White R 0-391 0-331 
150 photons) G 0-413 0-485 

B 0-196 0184 0-198 0-229 
Discussion 


In discussing these results, the first point that emerges is that the 
changes in coefficients of the monochromatic radiations are not a direct 
measure of the extent of the colour match breakdown. It was shown 
in the previous adaptation paper [1934], that the increase in the amount 


may be very considerable; the actual change will depend on the intensity 
of adaptation, but the ratio of red to green may increase by 50 or 100 p. o. 
or more. This can be demonstrated by comparing the actual readings 
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recorded on the colorimeter when, for example, 0-58254 was matched 
both before and after the 48,000 photons white adaptation of Table I. 
The red and green instrument readings were as follows: 


48,000 | 
No adaptation white adaptation 


Red 836 1189 
Green 552 445 
Red/Green 1-51 2-67 


It is seen that in this case the red/green ratio has increased by 
77 p.c. But when the readings are converted to trichromatic coefficients 
by the author’s method (1929), this change is automatically removed. 


It follows that whatever changes are observed in the other mono- 


chromatic coefficients, they will necessarily be only second order in- 
dications of the alteration of the response curves of the receptors. Small 
changes, provided they are definite, will have a correspondingly greater 
significance, but if no change were found it would mean that the colour 
match breakdown was due entirely to an interposing pigment, and not 
to any fundamental alteration in the response curves. 

If the phenomenon is due to a modification of the actual response 
curves, the change of the white coefficients may be either of first or 
second order magnitude depending on the nature of the response change; 
but if it originates in a pigment change, then the whole of the effect 
should be shown by the white coefficients and none by the monochromatic 
values. 


In the light of these conclusions, the results of Table I show that 


there is a definite change in the response curves. The coefficients of 
the monochromatic radiations vary systematically with increasing 
adaptation; in every case except the very small alteration in the blue 
value of 0-55, the changes increase as the adaptation intensity is 
increased. 

On the other hand, the changes in the white coefficients are con- 


siderable. It is impossible to say for certain whether this indicates a 


pigment change as well as a change in the shape of the response curves, 
but on the assumption that we are dealing with a single phenomenon 
and not two phenomena occurring simultaneously, then the white co- 
efficients provide some indication of the nature of the change in the 
response curves. The results are not as consistent as one could wish, 
due largely to the difficulty of getting a sufficiently bright white test 
olour in the apparatus, but the changes all have very similar tendencies. 
They are shown diagrammatically in Fig. 1. (a) and (b) show the white 
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points of Tables I and II plotted on an enlarged section of the colour 
triangle and (o) gives the results of Table III. (d) shows the whole colour 
triangle together with the spectral locus, and indicates the mean direction 


Fig. 1. Diagrams to show the effect of the colour match breakdown on the position of 
the white point in the colour triangle. (a) Shows results of Table I; (ö) results of 
Table II; (e) results of Table III; (d) indicates the general tendency as derived from 
the mean of (a) and (b) and from (e). The change in the white point is shown relative 
to the spectral locus. x Shows white point as measured with the eye in its normal 
state. o Shows white point when the eye is in its colour match breakdown” state. 


in which the white point has moved after adaptation, as derived from (a) 
and (b), and, separately, that derived from (o). It is not, of course, at all 
certain that the locus of the white point is a straight line. 
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It is interesting to note that the white point has moved away from 
the purple side of the triangle towards the blue-green, and the question 
immediately arises as to whether this is evidence that the phenomenon 
is due to the bleaching of the visual purple. Assuming visual purple to 
be the initial light-sensitive substance, then after it is bleached it is 
presumably inactive and could have no effect on the shape of the 
response curves. A simple bleaching of the material is thus hardly a 
sufficient explanation of all the observations. It is necessary to assume 
a partial bleaching, and that the light-sensitive substance, in changing 
its absorption characteristics, does not lose its sensitivity to light. 
Whether this is consistent with the laws of photochemistry, the author 
is not in a position to decide, but the data are at least suggestive that 
a bleaching of a purple substance is in progress. 


APPENDIX 
Adaptation and intensity discrimination 

The effect of adaptation on intensity discrimination has recently been 
the subject of two papers, one by the author [1935] giving some experi- 
mental results and their theoretical interpretation, and the other by 
Hecht [1936] attempting to reverse this interpretation. The author 
cannot, however, accept Hecht’s arguments, for the reasons given below. 

Two series of experiments were reported. An intensity discrimination 
observation was performed, first when viewing a test patch of intensity I 
to determine the just noticeable increment AJ, and then repeating the 
observation after the eye had been adapted to a high intensity field of 
brightness I.. In one series of experiments, the value of AI was deter- 
mined using different adaptation intensities but with a constant value 
of J. In the second series, the test patch intensity was varied and I, 
maintained at a constant level. 

In the first series, it was found that AJ was very nearly constant for 
a wide range of adaptation intensities, while in the second, AI was found 
to be directly proportional to J. In other words, while the value of 
AI was, within limits, independent of the state of adaptation, it was 
always found to bear a constant relation to the magnitude of the test 
patch intensity. 

It appeared to the author that this result conflicted directly with 
Hecht’s photochemical theory of intensity discrimination, but this 
conclusion has been questioned by Hecht. The first experiment he 
explains on the assumption that within the range of adaptation intensities 
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used, the state of adaptation was practically unchanged, and for the 
second experiment he applies formule derived from his hypothetical 
photochemical adaptation mechanism to prove that AI / I should be 
constant under the experimental conditions used. 

Both these statements are in error, but the second will be dealt with 
first as it involves a directly demonstrable misapplication of his formule. 
He derived the following equation for AL /I: 

| Al/I=c/a", [Hecht] (5) 
where o is a constant and æ is the concentration of the photo- products 
in the retina, when the eye is adapted to the intensity I. This 
equation was derived on the explicit assumption that the concentration 
x was produced by adaptation to the intensity I, and it only applies 
and may only be used in cases in which J and z are related in this 
manner. Hecht, however, deduced that after adaptation to a constant 
intensity I., the concentration z,, and hence c/z,", would be constant, 
and then claimed that AI /I would be constant for any value of I. This 
is quite wrong. All that can really be proved from (5), when 2, is 
constant, is that AI /I. will also be constant, which, since 7, will have 
to be constant, is obvious. 

To test Hecht’s theory, the correct equation of his to apply to the 
case in question is his equation (4), namely, 

(dz/dt),;=k,.Al [Hecht] (4). 

In the experiment carried out with the eye in a given state of adaptation, 
x will be constant, and for a just noticeable difference Hecht postulates 
that (da/dt),, has to be constant; equation (4) is then only satisfied if AZ 
is constant; that is to say, however the test patch intensity may be 
altered, the value of AI should remain unchanged. This was precisely 
the result that had been anticipated by the author, but exactly the 
opposite was found. Experiment proved that AJ/J, and not AJ, was the 
constant quantity when the adaptation was kept steady and the test 
patch varied. We are thus forced to the original conclusion that the 
supposed relation between adaptation and intensity discrimination, 
inherent in Hecht’s theory, is unfounded. 

In the other experiment, the test patch was maintained at a constant 
value, while the adaptation level was varied. In this case it was found 
that AZ now remained practically unchanged. Hecht explains this by 
concluding that between the adaptation limits tested, namely 1000 and 
40,000 photons, the state of adaptation of the eye is practically unaltered. 
The evidence he gives to support this is (a) that AI / Iis constant within 
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these limits, (b) visual acuity is constant, and (c) critical fusion frequency 
is constant. The constancy of AJ/I proves nothing about adaptation 
unless we accept Hecht’s theory; that is to say, if we assume what we 
have to prove, we can prove what we have assumed. As regards (6) and 
(c), so far as the author is aware, there is no evidence to show that either 
visual acuity or critical frequency is a direct measure of adaptation, and 
while there might be some indirect relation to the photochemical con- 
centration in the retina, this would have to be established before the 
data could be regarded as relevant to the present problem. Adaptation 
is essentially the mechanism by which the visual response is reduced as 
the intensity of the stimulus is increased, and the proper measure of the 
adaptation level is given by the apparent brightness of some reference 
test patch. An elementary experiment will demonstrate that there is 
a very great difference in the state of adaptation after the retina has 
been illuminated to an intensity of 1000 photons compared to that when 
an intensity of 40,000 photons is used. Ifa test patch of, say, 100 photons 
is viewed in turn after adaptation to these two intensities, the difference 
in the apparent brightness of the patch in the two cases will be very 
marked. From the author's binocular matching experiments, it appears 
that, for his own eye, the sensitivities in the two cases are in the ratio 
of about 40:1. But using entirely impartial evidence, the threshold 
brightness in the two cases as determined by Nutting [1920] gives a 
sensitivity ratio of approximately 30:1. No doubt whatever can exist 
that a very considerable change indeed takes place in the adaptation 
level of the retina, and there is therefore no escape from the conclusion 
that, from the evidence of the author’s experiments, adaptation and in- 
tensity discrimination involve fundamentally distinct visual mechanisms. 
Hecht’s theory of intensity discrimination cannot be accepted, since it 
does not fit the facts. 


SuMMARY 


The breakdown in a colour match between yellow and a mixture of 
red and green after the eye is adapted to an intensity above 15,000 
photons has been measured and the measurements extended to other 
test colours. By basing the trichromatic coefficients on units based on 
matches of monochromatic radiations, changes occurring as a result of 
changes in the receptor processes can be separated from alterations in 
the absorbing media through which the light has to pass before reaching 
the retina. It is found that the breakdown is due to the receptor process 
itself, and the effect on the white point suggests that it may be due to 
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the bleaching of the visual purple. In an appendix, the author replies 
to a recent criticism by Hecht of the author’s interpretation of some 
results obtained on intensity discrimination. It is shown that Hecht 
has misapplied the formule of his photochemical adaptation mechanism, 
and the author's contention that adaptation and intensity discrimination 
are independent and involve fundamentally distinct mechanisms is 
confirmed. 


In conclusion, the author desires to express his thanks to Mr J. H. Nelson for his 
assistance in recording the observations, and to the Medical Research Council for their 
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THE DUODENUM AND THE AUTOMATIC CONTROL 
OF GASTRIC ACIDITY 


By WILLIAM J. GRIFFITHS 
(From the Dunn Laboratory, St Thomas’s Hospital, London) 


(Received January 3, 1936) 


Tux secretion from the glands of the human stomach is subject to changes 
in composition which bear a definite relation to the intake of food; these 
changes have received considerable experimental study and are now 
well established. 

Under fasting conditions the secretory glands of the mucosa are in a 
quiescent state and their secretion, which is produced in relatively small 
amount, contains little HCl, has a high degree of peptic activity and a 
total chloride concentration which approaches that of the blood plasma; 
the proportion of neutral chloride is therefore high. Entry of food into 
the stomach stimulates the glands; the rate of secretion is raised and 
simultaneously the concentration of HCl in the juice is greatly increased 
and that of the neutral chloride diminished, the total chloride of the 
secretion being little changed. This relatively copious secretion of acid 
juice is maintained until the contents of the stomach have, in the main, 
been evacuated; the quantity of secretion then declines, its acidity 
diminishes, and finally it regains, in composition and rate of flow, the 
character of the fasting secretion. Accompanying the fall in acidity 
there is an increase of neutral chloride in the juice. 

These secretory changes suggest a mechanism which operates to 
control the amount and composition of the gastric juice in the final 


stages of digestion. The existence of this controlling mechanism, par- 


ticularly in respect to acidity, was early recognized and studied by a 
number of investigators whose work has been reviewed by us in previous 
publications [MacLean and Griffiths, 1928 a, ö]. 

We have already reported [MacLean and Griffiths, 1928 ö] that 
the introduction into the normal human stomach of a fluid whose acidity 
exceeds the normal maximum level attained by the stomach after a test 
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meal results in an inhibition of HCl secretion; the acidity of the fluid is 
gradually lowered by a secretion devoid of acidity but containing neutral 
chloride and pepsin. When the acidity of the introduced fluid is below 
that normally reached by the stomach, secretion of acid by the gastric 
glands is not immediately inhibited. From these experiments we con- 
cluded that during digestion the rising acidity of the stomach contents 
ultimately attains a value at which it arrests HCl production, thus 
automatically exerting a control over the acidity of the secreted juice. 
What is the nature of this mechanism of automatic control? At first 


we regarded it as a direct effect of the acid in the stomach on the secreting 


glands, but later we formed the hypothesis that it might in some way be 
connected with the entry of the acid gastric contents into the duodenum. 
We accordingly observed the effect upon the gastric juice of introducing 
HCl directly into the duodenum. In successful experiments the changes 
in gastric secretion brought about by this procedure were exactly com- 
parable with those previously observed after direct introduction of acid 
into the stomach. 
EXPERIMENTAL 

The experiments to be described were carried out on a healthy male 
subject who was well accustomed to the process of duodenal and gastric 
intubation. 

A thin rubber duodenal tube was swallowed into the fasting stomach 
and allowed to pass through the pylorus into the duodenum. The fluid 
to be introduced into the duodenum was allowed to flow through this 
tube by gravity over a space of 1-2 min.; no untoward symptoms were 
experienced. The tube was then withdeawii into the stomach and used 
for the recovery of samples of the contents. The samples were analysed 
for total and neutral chlorides and the peptic activity determined by the 
methods previously used [MacLean and Griffiths, 1928 a; MacLean, 
Griffiths and Hughes, 1929]. Total acidity represents the difference 
between total and neutral chlorides. 

Acid was introduced into the duodenum (1) after the stomach had 
first been stimulated by dilute alcohol, (2) under fasting conditions 
followed by dilute alcohol into the stomach. The alcohol was swallowed. 
Under normal conditions 300 c.c. of 5 p.c. alcohol produced, in the subject 
of the experiments, a rise in total acidity which reached a maximum 
concentration of about 0-07 N in 45-60 min. In order that the acid fluid 
introduced into the duodenum should correspond more closely with 
gastric juice the total chloride was raised by addition of NaCl. Typical 
examples of our results are given. 
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(1) Introduction of acid during seoretory activity. The object of this 
experiment was to determine whether introduction of acid into the 
duodenum in the early stages of gastric secretion would result in a fall in 
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Fig. 1. Curves showing premature fall in gastric acidity following introduction of HC) 
into the human duodenum. At A 300 0. o. of 5 p. o. alcohol were swallowed; at B HC! 
was introduced into the duodenum. 


acidity before this had reached its maximum value. With the tube in the 
duodenum 300 C. 0. of 5p.c. alcohol were swallowed. After 25 min. 
150 c. c. of a mixture of HCl and NaCl (total chloride 0-11 N and acidity 
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0-05 N) were introduced through the tube into the duodenum. The tube 
was then washed through with a little saline and withdrawn into the 
stomach. It will be seen from Fig. 1 that in the sample removed within 
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Fig. 2. Curves showing depression of acid secretion and rise in neutral chloride and 
‘peptic activity of the gastric contents following introduction of HCl into the human 
duodenum under fasting conditions. 


about 5 min. of introducing acid into the duodenum the acidity was 
already low, and that it continued to decline during the remainder of the 
experiment; the neutral chloride and peptic activity of the juice showed 
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considerable increases during this time. The effect of this procedure was 
to inhibit secretion of HCl in advance of the normal physiological time 
without causing any diminution of neutral chloride and pepsin secretion. 


(2) Introduction of acid into the fasting stomach. This experiment 


resembled the previous one with the exception that the acid fluid was 
introduced under fasting conditions followed by alcohol into the stomach ; 
we hoped in this way to abolish the normal secretion of HCl in response 
to alcohol. As illustrated in Fig. 2 the usual secretion of HCl was 
practically absent but, as invariably happened under these conditions, 
neutral chloride and peptic activity rose rapidly, and reached their 
normal maximum levels in a little under 2 hours. We added a small 
amount of glucose (0-5 p.c.) to the acid fluid in order that we might detect 
any backflow of this into the stomach; insignificant amounts of glucose 
were found in the stomach in this and other successful experiments. On 
some occasions considerable backflow occurred; such experiments were 
abandoned. 
Discussion 
The variations which occur in the acidity of the gastric juice are of 
considerable physiological and clinical interest. Whereas other products 
of the gastric glands, such as neutral chloride, enzymes, mucin, etc., are 
secreted continuously, the production of HC] is intermittent: ingestion of 
food results in an outpouring of HCl which continues until the stomach is 
nearly empty, when the secretion of this acid declines to a low level or 
disappears. In a previous paper [MacLean and Griffiths, 1928 ö] we 
demonstrated that the introduction of HCl into the normal human 


stomach inhibits acid secretion and that a decline in acidity, resembling 


that of the final stages of digestion, may be brought about by introducing 
acid above a certain strength into the stomach during the early stages of 
secretion and before the acidity of the gastric contents has attained its 
maximum level. On the basis of this finding the theory was advanced 
that during digestion the rising acidity of the gastric contents auto- 
matically controls the secretion of HCl by the gastric glands. 
: In the present work we have described experiments which prove that 
the introduction of HCl solution into the normal human duodenum 
results in an inhibition of acid secretion by the stomach. In the fasting 
stomach HCl secretion practically fails to appear in response to a stimulus 
such as dilute alcohol if acid has entered the duodenum shortly before, 
although neutral chloride and pepsin are secreted. If HCl secretion is 
already in progress, but has not reached its maximum, the changes in 
secretion caused by the presence of acid in the duodenum are identical 
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with those which normally occur towards the end of digestion, or which 
may be precipitated by filling the stomach with acid: secretion of HC! is 
arrested, its concentration in the stomach is gradually lowered, whilst 
the neutral chloride and peptic activity of the gastric contents suffer a 
progressive increase. In accordance with views expressed by us in earlier 
publications [MacLean and Griffiths, 1928 a, ö] we believe these 
changes in the composition of the gastric contents to result from an in- 
tragastric process, namely: alterations in the character of the secreted 
juice; this conception has been confirmed and extended by the work of 
Apperly and Norris [1930], Babkin [1929, 1934], Babkin and 
Vineberg [1931], Gilman and Cowgill [1931], Helmer et al. [1934], 
Hollander [1932], Klein [1935], Martin et al. [1932] and others. 7 

The finding that the entry of HCl into the duodenum can produce 
such profound changes in the gastric secretion must, we believe, be of 
significance in relation to the control of gastric acidity. In view of the 
fact that during digestion the material which enters the duodenum > 
becomes increasingly acid as the stomach empties it is reasonable to 
suppose that towards the end of digestion conditions in the duodenum | 
will become comparable with those obtaining in our experiments and 
that, in consequence, inhibition of acid secretion accompanied by changes 
in the gastric juice characteristic of the final stages of digestion will occur. 
We postulate, therefore, that the entry into the duodenum of the acid 
contents of the stomach is an important factor in the regulation of gastric 
acidity. 

This conception of a duodenal regulation of gastric acidity is favoured 
by clinical experience. Conditions which give rise to pyloro-spasm and 
obstruction to the passage of material from the stomach are frequently 
associated with a failure of the acid-regulating mechanism; the post- 
digestive fall in acidity is delayed or fails to occur Bolton, 1928]. 

Whilst this paper was in preparation Day and Webster [1935] 
reported their studies on the role of the intestine in the gastric secretory 
process. These investigators found that, whereas in dogs in which the 
stomach was disconnected from the duodenum, introduction of food into 
the intestine resulted in a secretion of gastric juice which continued for 
several hours, this intestinal secretory phase was practically absent when 
the experiment was carried out on animals in which there was free 
communication between the stomach and duodenum. Because prolonged 
gastric secretion was associated with the exclusion of gastric juice from 
the intestine it appeared that under normal conditions the presence of 
gastric juice in the duodenum or upper intestine diminishes gastric 
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secretion. By direct introduction of HCl into the duodenum of the dog 
Day and Webster were able to demonstrate that the chief factor in this 
intestinal control of secretion is the acidity of the material entering the 
intestine. The acidity of the gastric juice usually fell during the period 
of diminished secretion resulting from the introduction of acid material 
into the duodenum. It is clear that the findings of these authors are in 
substantial agreement with those presented by us in this paper. 


SuMMARY 


1. Following the experimental introduction of HCl directly into the 
human duodenum secretion of HCl by the stomach in response to an 
alcohol test drink is greatly diminished. 

2. If HCl is allowed to flow directly into the duodenum shortly after 
gastric secretion has been established by means of alcohol, secretion of 
HCl by the stomach is arrested before it has attained its maximum con- 
centration in the stomach. 

3. In both cases, although HCl secretion is diminished or inhibited, 
the neutral chloride and peptic activity of the gastric contents show a — 
marked rise. 

4. The significance of these findings is discussed. It is suggested that 
the acidity of the gastric contents entering the duodenum may be an 
important factor in the control of gastric acidity during normal digestion. 
Whether this effect of acid is exerted in the duodenum or at a lower level 
in the gut is not known. | 


The suthor wishes to thank the Medical Research Council for a part-time grant 
throughout these gastric studies. 
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THE ACCLIMATIZATION OF THE HUMAN SUBJECT 
TO ATMOSPHERES CONTAINING LOW CONCENTRA- 
TIONS OF CARBON MONOXIDE* 


By ESTHER M. KILLICK 


(From the Department of Industrial Hygiene and Medicine, 
University of Birmingham) 


‘(Received January 23, 1936) 


THE subject of carbon monoxide poisoning is growing in importance as 
the risk of exposure to the gas becomes more widespread among the 
community. 

A number of investigations are recorded into the condition of the 
blood in workers exposed frequently or continuously to small concentra- 
tions of CO in the air [Wilson, Gates, Owen and Dawson, 1926; 
Ciampolini, 1924; Mayers, 1927]. Theseinvestigations have established 
the fact that workers in certain occupations absorb sufficient CO to pro- 

duce a degree of saturation of their blood with the gas varying from 5 to 
30 p.c. It is therefore important that we should know what effects to 
expect from such an intermittent exposure to CO. Numerous statements 
have been made as to the deleterious effect on the health of individuals 
80 exposed, but the evidence on this point is insufficient to justify any 
positive assertion. | 
In the same way a certain amount of evidence has accumulated, based 
on individual observations, indicating that men who habitually work in 
atmospheres containing small amounts of CO become acclimatized in 
some degree. Such an acclimatization has been produced experimentally 
in various animals (Campbell, 1929, 1934; Nasmith and Graham, 
1906; Killick, 1933]. 
In America, Sayers, Vant, Levy and Fulton [1929] carried out a 
series of experiments in which six human subjects were exposed daily for 
4-6 hours to atmospheres containing 0-02, 0-03 and 0-04 p. c. CO; but the 


1 This work was done in the Department of Physiology, School of Medicine, University 
of Leeds. 
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data given in their published results are not sufficient to show whether 


any acclimatization occurred, and the possibility is not discussed. 


Haldane has carried out a large number of experiments with CO on 


himself, and on other subjects; these experiments [Haldane, 1895] 
were not planned to demonstrate acclimatization, but it is clear from the 
results that a considerable degree of acclimatization to CO did actually 
develop [Haldane, 1935 a]. 

The experiments about to be described were planned with the aim of 
obtaining direct evidence as regards the development of acclimatization, 
and to collect data on which to base some hypothesis as to the factors 
underlying the phenomena of acclimatization. ö 


METHODS 
Exposure to constant atmospheric concentration of CO 
The subject was exposed to an atmosphere containing CO in an air- 


tight chamber of 10,000 litres capacity. After the chamber was closed 


the subject released a measured volume of CO from a container inside 
the chamber. Thorough mixing of the atmosphere was ensured by the 
use of a large electric fan. Air samples were taken at intervals during the 
exposure, three or four pairs of sampling tubes being filled during the 
course of a single experiment. These samples were analysed for CO by 
Graham's modification of the iodine pentoxide method [Graham, 1935]. 
The final samples were analysed also for their CO, and O, content. 


During the later experiments of the series samples of alveolar air were 


taken, using the Haldane-Priestley tube. These samples were always 
taken towards the end of the experiment, and were analysed for O, and 


Blood samples were taken at hourly intervals during the experiment, 


and the percentage saturation of the blood with CO (p.c. COHb) was 
estimated by Hartridge’s reversion spectroscope method [Hartridge, 
1912]. These estimations were made with the reversion spectroscope 
inside the chamber. The accuracy of the observer was apparently 
unaffected by the COHb in her blood, for the degree of scatter in a 
series of ten spectroscope readings varied very little, and the readings 


obtained for the control solutions of 100 p.c. O Hb and 100 p.c. OOHb 


showed only the usual day to day variation. The absolute error of this 
method of estimation is +2 on the figure for p.c. COHb. 

The p.c. COHb in the blood reached a steady level after 5-6 hours, 
and the exposure was continued to 6-7 hours in order to obtain several 
estimations of the p.c. COHb at equilibrium. 
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Experiments were made at approximately weekly intervals, and the 
series comprised fifteen experiments during a period of 13 weeks. 

In the intervals between the experiments certain blood examinations 
were made: | | 

(1) A red cell count, reticulocyte count, and hemoglobin estimation 
were made on the day following an exposure. 

(2) Blood was drawn from a vein, defibrinated, and equilibrated in a 
series of saturators containing varying amounts of CO in air. The re- 
sulting blood saturations were plotted against the concentration of CO 
in the saturator. This experimental estimation of the partition constant 
was repeated at irregular intervals during the series of exposures. 

(3) The blood volume was estimated by the CO method [Haldane, 
1900] at irregular intervals during the series. These estimations were 
undertaken to check the results of a previous series of experiments (see 
below). 

The method is based on the assumption that all the CO absorbed by 
the body is present in combination with hemoglobin. A closed respiratory 
circuit is used (total volume about 5 litres), CO, is absorbed by passage 
through soda lime, and O, is bubbled in through a Müller valve to main- 
tain the total volume. A small rubber bladder allows for variations in 


‘volume during breathing, and into this bladder is passed a measured 


volume of CO. A period of 20-30 min. is allowed for absorption of the 
CO, and for its distribution through the blood, and the percentage 
COHb is then estimated with the reversion spectroscope. From these 
data, and the hemoglobin content of the blood, the volume of the blood 
can be calculated. 


Inhalation of measured volume of CO 


The method described above was slightly modified in a preliminary 
series of experiments, with the object of using it to produce acclimatiza- 
tion. The measured volume of CO was inhaled as described above, but 
after time had been allowed for absorption, the subject quickly changed 
over to a second closed circuit, resembling the first one in general plan, 
but enlarged by the addition of a 15-litre glass vessel. This second circuit 
contained room air and no CO was added to it except that carried over in 
the alveolar air of the subject. The small amount of CO added in this 
way produced a concentration in the circuit which was sufficient to 
prevent an appreciable loss of CO from the blood. It was possible in this 
way to maintain the blood saturation over a period of 30-40 min., the 
larger circuit adding considerably to the comfort of the subject. 
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This method was used in an attempt to acclimatize two subjects to 
CO, the experiments being repeated at intervals of approximately a 
week, 


During each experiment air samples were taken from each circuit, 
and their CO content estimated by combustion in a Haldane apparatus; 

from these figures the approximate volume of CO remaining in the two 
circuits could be calculated. 

The percentage COHb in the blood was followed during the rebreathing 
period by sampling and estimation with the reversion spectroscope. __ 

Blood was taken for a red cell count and a hemoglobin estimation at 
the end of each experiment, and again on the following day. 

During the experiments, both in the chamber and when using a 
closed circuit, notes were made by the subject of any symptoms experi- 
enced, and the pulse rate was recorded. 


The p. c. CO Hb found in the blood during the course of each experi- 
ment in the chamber was plotted against the duration of the exposure. 
The curve thus obtained (Fig. 1) rose steeply at first, and then gradually 
flattened out to a plateau, the p.c. COHb reaching a steady level after 
4-5 hours’ exposure. The value of p.c. COHb corresponding to this part 
of the curve was taken to be in equilibrium with the gas mixture in the 
alveolar air, and is shown in the third column of Table I. 

Fig. 2 shows the curve relating p.c. COHb to the concentration of CO, 
when blood is equilibrated in vitro with known mixtures of CO and air. 
From this curve the value of the constant in the equation 


o. COHb . CO 
could be deduced. pe. 9.0, 
It was found that for the subject’s blood at 38° C. K =240. 


The tension of O, in the subject’s alveolar air was estimated by 


analysis; the tension of CO in the alveolar air, after several hours in the 
chamber, was assumed to be the same as that in the air of the chamber. 
From these figures the theoretical p.c. COHb at equilibrium could be 
calculated, on the assumption that the tensions of CO and O, ü in the 
blood leaving the lungs was the same as that in the alveolar air. This 
calculated value for p.c. COHb is shown for each experiment in Table I. 

It will be seen that the discrepancy between the observed and the 
calculated values for p.c. COHb becomes progressively greater in succes- 
sive experiments. If the observed valu for p.c. COHb at — be 
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0 | | | 1 
0 2 4 5 6 
Exposure: time in hours 
Fig. 1. Saturation of the blood with CO during exposure to 0-023 p. o. CO. 
Before acclimatization: 14. ii. 34, x After acclimatization: 9. x. 34, © 
80 
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p.c. CO in saturator 


Fig. 2. Equilibration of blood in vitro. Before acclimatization: x 29. xi. 32; x 8. vi. 33. 
After acclimatization: © 9. v. 34; ©) 11. vi. 34; & 12. xi. 34; } 16. v. 35. Tempera- 
ture 38°. 20-9 p. o. O, in saturators. 
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46 E. M. KILLICK 
Tal I. Exposure to constant concentration of CO 


c. COHb at p. O, in p. O, in 
2 Duration of alveolar arterial 
p. e. — exposure air* blood 
Date in air Observed Calculated br. min. mm. mm. 
14. ii. 34 0-023 33-0 30-0 6 30 — 88 
20. ii. 34 0-030 38-5 36-0 6 10 — 82 
26. ii. 34 0-027 29 ·5 33-5 6 10 — 110 
6. iii. 34 0-031 33-0 37-0 6 50 — 108 
12. iii. 34 0-035 35-0 40-0 6 50 — 111 
20. iii. 34 0-040 35-0 43-0 6 15 — 127 
27. iii. 34 0-046 740-0 46-0 4 15 — — 
4. iv. 34 0-041 41-5 43-5 7 — — 95 
11. iv. 34 0-038 35-5 42-0 6 15 — 118 
17. iv. 34 0-041 30:5 43-5 6 30 — 160 
24. iv. 34 0-042 ? — 5 45 — — 
27. iv. 34 0-040 29-0 43-0 5 20 — 168 
1. v. 34 0-042 33-0 44-0 5 45 — 146 
4. v. 34 0-041 33-5 43-5 5 20 — 139 
7. v. 34 0-020 18-0 27-5 6 25 — 156 
20. vii. 34 0-022 17-5 29-5 7 80 89 177 
9. x. 34 0-023 18-0 30-0 6 40 97 179 
1. xi. 34 0-011 11-0 17-0 6 20 94 152 
21. ii. 35 0-024 27-0 31-0 7 — 90 111 
6. vi. 35 0•018 23-0 25 · 5 7 — 90 103 
31. x. 35 0-012 20-0 18-5 7 30 90 82 


* Subject’s normal alveolar O, is 12-5-12-6 p.c. (89-90 mm.). 


compared with the concentration of CO in the air breathed, it will be 
seen that the same value was reached in the unacclimatized subject 
during exposure to 0-02 p.c. CO, as was observed during exposure of the 
acclimatized subject to 0-04 p.c. CO. 7 

The final column in Table I represents the O, tension in the arterial 
blood, calculated on the assumption that after equilibrium had been 
reached between the blood and the inspired air, the tension of CO in the 
blood leaving the lungs was the same as that in the alveolar air and in the 
air breathed. The p.c. COHb estimated in capillary blood from the finger 
has been taken as approximately that in the arterial blood. The amount 
of CO in solution in the plasma and in the tissues must be negligible with 
the very low pressure of CO under consideration, and therefore the fall in 
O, pressure that takes place as the blood passes through the capillaries 
cannot result in a measurable rise in p.c. COHb. The p.c. COHb in blood 
from the finger cannot therefore be appreciably higher than that in the 
arterial blood, and could only be lower if CO were destroyed in the tissues 
between the lungs and the finger capillaries. 


The symptoms experienced by the subject will be considered later, 


but it should be noted here that the symptoms throughout were pro- 
portional to the p.c. COHb observed in the blood, whether the subject 
was acclimatized or not. | | 
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Throughout this series of experiments the red cell count and the 
percentage of hemoglobin in the blood showed only small variations. 
The reticulocyte count never reached 1 p.c. of the total red cells, and 
although the relative rise in this count was considerable, it is perhaps 


‘doubtful whether it can be regarded as significant in view net the smallness 


of the actual figures (Table II). 
Takt II. Blood examinations during acclimatization by exposure to constant 
concentration of CO. 
Reticulocytes 
Date Red cells per c.mm p. o. No. per o. mm. Hb p. o 
1. ii. 34 4,750,000 0-16 7,600 84-0 
16. ii. 34 000 0-16 6,800 78-0 
22. ii. 34 4,697,000 0-29 13,600 81-0 
28. ii. 34 ,000 0-37 16,870 83-0 
8. iii. 34 4,947,000 | 0-26 12,900 87-0 
14. iii. 34 4,567,000 0-21 9,600 82-5 
22. iii. 34 4,765,000 0-30 14,300 83-0 
29. iii, 34 4,645,000 0-47 21,800 84-0 
5. iv. 34 4,680,000 0-39 18,300 93-5 
13. iv. 34 4,775,000 0-42 20,000 84-0 
18. iv. 34 4,625,000 0-27 12,500 
28. iv. 34 4,935,000 0-49 24, 89-5 
3. v. 34 4,735,000 0-29 13,700 90-0 
8. v. 34 4,580,000 0-82 37,600 83-5 
12. vi. 34 4,517,500 0-48 21,700 89-0 
9. vii. 34 0-15 6 83-0 
23. vii. 34 4,585,000 0-45 20,600 82-0 
II. x. 34 4,577,500 0-07 3,200 - 89-0 
10. xii. 34 4,752,000 0-10 4,800 85-5 


In spite of the changed reaction of the body to CO which occurred as 
a result of repeated exposures to the gas, no change could be detected in 
the relative affinities of hemoglobin for CO and O, outside the body. 
Partition curves were drawn from the points obtained by equilibrating 


the subject’s blood at 38° C. with various mixtures of CO in air. This 


procedure was repeated at irregular intervals throughout the series of 
experiments, with the results shown in Fig. 2. Only one curve is here 
drawn, for the points experimentally ascertained lie as near to it as the 
limits of error of the methods permit. It will be seen that this curve is a 
rectangular hyperbola, and may be represented by the equation 
.c. COHb 00 
pe. -K 5.0. 

where K is a constant for the blood of this individual. It can therefore 
be stated that throughout the period of acclimatization no change 
occurred in the value of K. 

The constant K has been determined by the same method for the 
blood of three other individuals, all men. The values obtained were 233, 


* 
“NG 
* 
* 
A 
. 
F. 
* 
. 
2 
* 
* 
N 
fe 
4 


48 Z. M. KILLICK 


246 and 272: the value of K for the blood of the subject of these experi- 
ments was 240; in every instance the experimental points lay on or near 
the curve represented by the above equation. 

The curves relating the time of exposure to the p. c. CO Hb for each 
experiment remained of the same general form as acclimatization 
developed, but in the acclimatized subject the curve representing exposure 
to 0-042 p.c. CO resembles that representing exposure of the non-acclimat- 
ized subject to 0-023 p.c. CO. In Fig. 1 it will be seen that there is no 
abrupt flattening of the curve for the acclimatized subject, such as would 
be expected if the process underlying acclimatization were one that 
became active in response to a certain degree of anoxemia. On the 
contrary, examination of the curves for the exposure of the acclimatized 
subject shows that the rate of saturation of the blood with CO is slowed 
relatively more during the earlier part of the exposure than during the 
later part. The time taken in reaching equilibrium did not alter appreci- 
ably as acclimatization developed, but the time occupied in reaching half 
the final equilibrium saturation was usually longer in the acclimatized 
than in the unacclimatized subject. In the unacclimatized subject half the 
final saturation was reached in approximately one-fifth of the time taken 
for equilibration, whereas in the acclimatized subject one-quarter of this 
time was occupied in reaching half the fina] figure for p.c. COHb. 7 

During a series of exposures to 0-04 p.c. CO, the time taken for the 
blood to reach 15 p.c. saturation increased from 34 to 73 min. as 
acclimatization developed. It is clear, therefore, that whatever the 


nature of the process it is active with even small percentages of CO in the 


blood (below 15 p.c. COHb). 


The results of experiments in which a measured volume of CO was 


inhaled from a small closed circuit are shown in Tables III and IV. 
Table III gives the results of experiments made during the period of the 


Taste III Blood volume 
ing CO 
Vol, CO 
absorbed p. o. saturation Hb with Hb) 
Date o. o. of blood p. o. litres 
9. ii, 34 137 25-0 84:5 24 
9. Hi. 34 178 26˙0 87.0 304 
29. iii. 34 197 26-5 84-5 4-40 
11. v. 34 189 16-0 83-5 707 
16. v. 34 261 23-0 90-0 6-33 
23. v. 34 219 24-0 90-5 5-16 
28. v. 34 190 19-0 84:5 5-92 
30. v. 34 i 188 19-5 84-5 5-71 
ii 277 27-0 — 6-08 
. ix, 34 277 30-0 94-5 4 
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Tam IV. Inhalation of measured volume of CO 


(assuming CO 
| Vol. CO | all combined 
7 8 e p. o. saturation Hb with Hb) 
0 Date of blood p. o. litres 
: 8. iii. 32 180 32-5 82 3-38 
% 11. iii. 32 200 30-0 83 4-02 
5 6. iv. 32 195 19-5 77 () 6-50 
: 11. iv. 32 343 28-0 82 743 
N 15. iv. 32 381 + 330 77 7-50 
.. 32... 401 29-0 81 8-63 
a 3. v. 32 452 32-0 82 8-62 
5 10. v. 32 212 16-5 77 8-35 
2 24. v. 32 357 48-0 77 4-83 
3 31. v. 32 364 54:5 80 4:17 

1 6. vi. 32 350 37-0 85 5°57 

: Subject B. S. P 
5 25. iv. 32 215 28-0 107 3°59 
2. v. 32 245 107 4:88 
1 9. v. 32 375 29-0 108 599 
23. v. 32 400 31-0 ce 672 


exposures already described, and Table IV those of an earlier preliminary 
» series, In every case the value given for the volume of CO absorbed is the 
volume of gas passed into the circuit, less that remaining in the circuit, 
as ascertained by analysis. The last column in these tables shows the 
blood volume, calculated on the assumption that all the CO absorbed 


volume of CO Hemoglobin 
Date Red cells per c. mm. p.c. 
Subject E. M. K. 
25. ii. 32 5,180,000 85 
: 29. ii. 32 5,285,000 82 
7 8. iii. 32 5,310,000 — 
11. iii, 32 5,630,000 — 
6. iv. 32 4,050, 77 
7. iv. 32 4,708,000 84 
8. iv. 32 4,875,000 82 
11. iv. 32 4,705,000 82 
14. iv. 32 4,595,000 80 
15. iv. 32 4,770,000 77 
22. iv. 32 4,523,000 81 
’ 3. v. 32 5,230,000 82 
10. V. 32 4,535, 0 77 
24. v. 32 4,545,000 77 
1 31. v. 32 4,755,000 80 
= Subject B. S. P 
20. iv. 32 6,130,000 106 
25. iv. 32 6,115,000 107 
2 2. v. 32 6,000, 107 
mS 9. v. 32 5,795,000 108 
: a 23. V. 32 5,855, 96 
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remains combined with the circulating hemoglobin. The blood volume 
calculated in this way shows an increase of over 100 p.c. During this 
time the red cell count and the hemoglobin content of the blood showed 
little variation (Tables II and V), nor did the reticulocytes increase 
greatly. It is perhaps difficult in view of these facts to accept the figures 
for blood volume as reliable, and the results are presented more as 
further evidence of acclimatization than as a necessarily reliable estimate 
of blood volume. It seems possible that the results by this method may 
be found to have any explanation in common with the results of repeated 
exposure to constant concentrations of CO in the chamber. 


Symptoms 


The symptoms will be divided into those experienced during the 
exposure, and the after effects. Since the symptoms varied with the CO 
in the blood, and not with the CO in the air breathed, they will be 
described according to the p.c. COHb in the blood at the end of the 
experiment. 


(1) Symptoms during exposure. Subject at rest. 

Below 30 p.c. COHb. Negligible. 

30-35 p.c. COHb. Throbbing and sensation of fullness in the head, 
slight headache; sometimes nausea. | 

35-42 p.c. COHb. More definite headache; drowsiness, sometimes 
extreme; faintness, nausea and sometimes vomiting. 

It must be emphasized that these symptoms were those experienced 
while sitting quietly, and that any degree of exertion would increase the 
severity of the symptoms. When the blood was 40 p.c. saturated, or near 
that figure, it was noticed that even the slight exertion of moving about 
involved in pricking the finger and making up the blood solution caused 
definite faintness, so that it was necessary to rest for a few en 
before taking the spectroscope readings. | 7 
(2) After effects of exposure. | 

The influence of the duration of exposure was seen more clearly in 
the after effects than in the symptoms during exposure. For this reason 
the duration of exposure is stated in describing the after effects. 

Below 20 p.c. COHb (exposure 7} hours). Negligible. 

20-30 p.c. COHb (exposure 5117 hours). Moderately severe head - 
ache, lasting for the rest of the evening (about 6 hours). 

30-35 p. c. CO Hb (exposure under 6 hours). As above. 
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30-35 p.c. COHb (exposure over 6 hours). Very severe headache 9 a 
few hours, moderately severe for the rest of the evening. 

35-40 p.c. OO Hb (exposure 6-7 hours). Very severe headache ina ; 
nausea, lasting 3-4 hours and quite incapacitating. Headache severe 
but not incapacitating for the rest of the evening. 

40 p. o. OO Hb and over (exposure 5-7 hours). As above, with vomiting 
after two of the three experiments. After 5 hours’ exposure the after 
effects were severe but short in duration. 

After one of the earlier experiments (6. iii. 34) a e ee 
eruption appeared over the skin of the trunk and — . of me 
limbs, persisting 3-4 days. 

Pulse rate 


It was found that the pulse rate, taken while the subject was sitting 
quiet, varied within normal limits while the saturation of the blood 
with CO was under 25, f. e. it varied between 56 and 70 per min.: with : 
most of the readings between 60 and 65 per min. 

When the saturation was above 25 p.c. COHb the pulse rate rose, the 
rise being roughly proportional to the p.c. COHb. At 30 p.c. COHb the 
pulse rate varied between 65 and 80 per min.; at 35 p.c. COHb the 
variation was from 70 to 95 per min. 


Duration of acclimatization 


During the 18 months following the development of acclimatization 
the subject was exposed at long intervals to atmospheres containing CO, 
in order to test the duration of the state of acclimatization. The con- 
centration of CO used in these experiments was kept low, so as to avoid 
as far as possible any prolongation of acclimatization through the effect 
of these experiments. The results appear in Table I, and show that 
acclimatization diminished gradually, ‘and was finally lost at some time 
between 13 and 18 months after the end of the series of acclimatizing 
exposures. 

Discussion 

The results already described furnish clear evidence that a consider- 
able degree of acclimatization to CO can be experimentally produced in 
the human subject. This acclimatization is shown in the lessening of 
symptoms during successive exposures to the same concentration of CO, 
and is revealed quantitatively 1 in the changing relationship between the 
concentration of CO in the air breathed, and the degree of saturation of 
the blood that is found after a state of equilibrium has been attained. 

4—2 
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The nature of the physiological change underlying acclimatization 
must now be considered. The data so far obtained are not by themselves 
sufficient to justify a final conclusion as to the factors involved, but it is 
now possible to discard some of the suggested hypotheses. 

It has been shown that acclimatization of animals by continuous 
exposure to CO has usually been accompanied by an increase in the 
number of red cells per unit volume of blood, and by an increase in the 
hemoglobin content [Naismith and Graham, 1906; Campbell, 
1929, 1934]. A marked enlargement of the heart is also a frequent post- 
mortem finding in animals acclimatized to CO [Camp bell, 1932]. It has 
therefore been suggested that in these animals acclimatization is ex- 
plained by an increased O, capacity of the blood, accompanied by certain 
changes in the cardio-vascular system, which may involve an increased 
circulation rate, or an increased total volume of blood. These changes 
would bring about a lessening of the symptoms during exposure to CO, 
but could not affect the degree of saturation of the blood with CO. It 
has been shown that when a human subject is acclimatized gradually by 
intermittent exposure to CO, there is no increase in the red cell count, or 
in the hemoglobin content of the blood. It seems unsafe to base con- 
clusions as to blood-volume changes on the results of the CO method 
applied to an acclimatized individual, and in the absence of blood-volume 
determinations by any other method we lack the requisite data to decide 
whether or not acclimatization is accompanied by an increase in blood 
volume. But it is clear that no change in blood volume could explain 
the observed phenomena of acclimatisation in the human subject; 
namely that when the acclimatized subject is exposed to an atmosphere 
containing a constant concentration of CO, the final blood saturation 
reached is very much lower than the theoretical value, calculated from 
the concentration of CO and the known value of K for the subject’s 
blood. Moreover, the symptoms are the same at a given saturation of the 
blood with CO whether the subject is acclimatized or not. 

Repeated determinations of K in the equation be. O5 a= K 1.0 have 
shown no alteration in this constant as acclimatization developed. If we 
apply this equation to the results of a single exposure of the acclimatized 
individual, we can measure COHb as a percentage of the total hæmo- 
globin, and we assume that in the arterial blood OH b represents the 
remainder of the hemoglobin. If this assumption is correct we know the 
value of COHb/O,Hb by direct estimation. We know the value of K for 
blood outside the body. If we assume that the tension of CO in the blood 
leaving the lungs is the same as that in the air breathed, after equilibrium 
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has been reached, then the tension of O, in the arterial blood must be 
very much higher than the tension in alveolar air as determined by 
analysis. Alternatively, if we assume that the O, tension in the blood is 
the same as that in the alveolar air, then the tension of CO in the blood 
must be very much lower than that in the air breathed, even after a state 
of equilibrium has been reached. 7 

There are therefore two possible types of explanation for the phe- 
nomena of acclimatization: 

(1) A selective activity of the alveolar membrane producing either a 
secretion of O, from the alveoli into the blood, or an excretion of CO from 
the blood into the alveoli. 

(2) Removal of CO from the blood by oxidative or other processes in 
the tissues. In this case the curve relating p.c. COHb to time of exposure 
would reach its plateau when the rate of removal of CO from the blood 
balanced its rate of absorption in the lungs. 

The tension of CO in the blood would depend on the relative rates of 
these two processes, but would always be less than the tension of the gas 
in the alveolar air. | 

At present the data available are insufficient to allow decision be- 
tween these two alternatives, but there are a few points worthy of 
attention. The hypothesis of removal of CO in the body, by oxidative 
or other processes, is by no means a new one, but all attempts to demon- 
strate the process in the body have hitherto given negative results 
(Haldane, 1900; Krogh, 1915]. The only evidence that animal tissues 
can oxidize CO is provided by the work of Fenn and Cobb [1932], but 
the conditions of their experiments were so very different from those 
obtaining in the living body, that their results cannot be considered as 
evidence of what occurs in the living body, animal or human. Previous 
experiments therefore throw doubt on the probability of this explanation. 
On the other hand, there are several points that make the acceptance of 
the hypothesis of O, secretion difficult. 

It has usually been considered that the stimulus to O secretion is an 
O, deficiency in the tissues [Haldane, 19356]. The results of these 
experiments show that the process underlying acclimatization is active 
even when the hemoglobin is only 10-15 p.c. saturated with CO, a degree 
of saturation that is unlikely to be associated with any degree of O lack 
while the subject is keeping quiet. It suggests in fact a process stimulated 
by the presence of CO rather than by the lack of O.. This objection 
would not of course apply to the hypothesis of the active excretion of CO 
from the blood into the alveolar air. 
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The second point arises in the interpretation of the experiments where 
a measured volume of CO was inhaled. If one rejects as improbable the 
conclusion that the blood volume was doubled, then one must attempt 
to explain the results otherwise. Assuming then that the blood volume 
remained constant, the total volume of CO calculated to be combined with 
hemoglobin is very considerably less than the volume inhaled. If this 
were due to O, secretion, or even to active excretion of CO, in the lungs, 
the excess of CO would remain in the air of the circuit. Analysis showed 
that only a very small amount of CO did remain in the circuit, and that 
this amount did not alter appreciably as the subject became acclimatized. 

There are obvious analogies between acclimatization to CO and 
acclimatization to high altitudes, but the response of the acclimatized 
individual to CO, as indicated by the degree of saturation of the blood, 
suggests that some factor in addition to O, lack may be involved. At the 
present stage therefore it would be unwise to attempt to draw too close a 
comparison between acclimatization to the conditions at high altitudes, | 
and to atmospheres containing CO. 

The problem of the nature of the physiological change that is mani- 
fested in the phenomena of acclimatization to CO must therefore await 
. experimental data for its solution. 


SuMMARY 
1᷑. Attempts were made to produce acclimatization in the human 
subject (a) by repeated exposure to atmospheres containing low concen- 
trations of CO; (b) by repeated inhalations of CO from a closed respiratory 

2. Clear evidence of a considerable degree of acclimatization was 
obtained in that (a) symptoms of poisoning lessened during successive 
exposures to the same concentration of CO; (b) the relation between the 
concentration of CO breathed and the degree of saturation of the blood 
changed with repeated exposures. 

3. Acclimatization was not accompanied by changes in the red cell 
count, or in the hemoglobin content of the blood. The data obtained 
were insufficient to justify a statement as to changes in blood volume. 
The partition constant between O, and CO of whole blood outside the 

body remained unaltered as e eee developed. 

4. The state of acclimatization experimentally produced lasted 
during 13-18 months, diminishing gradually in degree until tis subject 
returned to the non-acclimatized state after 18 months. 

5. The possible explanation of these results is discussed. 
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Part of this work was carried out in the Department of Mining Research, University of 
Birmingham, using their airtight respiratory chamber. My thanks are due to Mr J. I. 
Graham and to the laboratory staff of the department for their assistance. My thanks are 
due also to the late Dr J. 8. Heldenc for his advice and guidance throughout these 


. wes undertaken for the Safety in Mines Research Board. 
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THE OXYGEN CONSUMPTION AND CARBOHYDRATE 
METABOLISM OF THE RETRACTOR MUSCLE 
OF THE FOOT OF MYTILUS EDULIS 


By DEBORAH GLAISTER AND MARGARET KERLY © 
(From the Department of Physiology, University College, London) 
(Received February 14, 1936) | 


THE metabolism of plain muscle has not received the atféntion which 
that of striated has, largely owing to experimental difficulties. Evans 
[1925] has shown that the lactic acid content increases during anaerobiosis 
and after stimulation, and there is evidence that gut muscle can form 
lactic acid more readily from glucose than from its own stores of carbo- 
hydrate or from added glycogen [Meyerhof and Lohmann, 1926; 
Rosenthal and Lasnitski, 1928; Haarmann, 1932; Prasad, 1935]. 
These authors also record values for oxygen consumption. 

For the present study the retractor muscle of the foot of Mytilus edulis 
was chosen, partly because it is easier to handle invertebrate than 
mammalian muscle and partly because it is easy to dissect this muscle 
free from other tissue, but also because Eggleton [1934] has recently 
investigated the behaviour of the phosphagen fraction of this muscle 
during fatigue and recovery, so that something of its metabolism is 
already known. 

| MATERIALS AND METHODS 


Mussels were obtained from the Marine Biological Laboratory at 
Plymouth and kept in moist seaweed in the cold room. No differences 
were observed in muscles from Mytilus recently delivered and those kept 
for up to 4 weeks; longer than this they were not stored. The retractor 
of the foot was dissected as described by Eggleton [1934] and placed 


in cooled oxygenated sea water, in most experiments for 2 hours before 
further treatment. 
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Oxygen consumption was measured by Warburg’s direct method, 
using Barcroft or Warburg flasks filled with oxygen. The whole 
of a single muscle was used since the slow rate of oxygen consumption 
allows thicker tissue to be used, and no differences between large and 
small muscles were observed. It was placed in 2 or 3 ml. of one of the 
following solutions: (a) artificial sea water (NaCl 0-6 M 100 ml., KC10-6 M 
2 ml., CaCl, 0-4M 4 ml., MgCl, 0-4 M 17 ml.), unbuffered; (b) artificial 
sea water buffered with M/ 150 phosphate; (c) buffer alone. 

Anaerobic experiments. Muscles were placed in 2-5 ml. of solution in 
flasks filled with either nitrogen or nitrogen and 5 p.c. CO,. For short 
experiments, up to 6 hours, the flasks were shaken in a water bath at 
constant temperature, but in longer experiments they were incubated 
without shaking. 

Stimulation. Immediately after dissection a muscle was suspended 
in a chamber similar to that described by Winton [1926] either in 
natural sea water or in a marine Ringer solution (KCI 0-6 M 1-8 ml., 
CaCl, 0-4 M 2-8 ml., natural sea water to 100 ml.) and attached to a 
light isotonic lever weighted to give a stretch equal to 15 g. when the 
muscle was not stimulated. The muscle was allowed to rest with oxygen 
bubbling through the tube for 2 hours and the sea water was changed 
before beginning stimulation and nitrogen substituted for oxygen in 
most experiments. The muscle was stimulated by alternating current 
pulses from a commutator, 25 per sec., connected to an 8 volt accumu- 
lator, using in most cases 5 sec. periods of stimulation once per min. 

Chemical. Total carbohydrate and glycogen were determined by 


hydrolysing in hot acid or potash, either the whole muscle or each half 


separately, after dividing the muscle longitudinally as equally as possible. 
After hydrolysis the estimation of fermentable carbohydrate was con- 


tinued as described by Kerly and Ronzoni [1933], and that of glycogen 


by the method of Good, Kramer and Somogyi [1933]. Fermentable 
sugar was estimated in a mercuric chloride extract [K erly and Ronzoni, 
1933] and lactic acid in either a mercuric chloride or a trichloroacetic acid 
extract [Friedemann, Cotonio and Shaffer, 1927, using Wendel’s 
(1933) receiver]. Estimations on solutions of lithium lactate showed that 
with quantities of the order estimated in these experiments an accuracy 
of 3 p.c. could be obtained. Values are given both as mg./100 g. wet : 
weight, and as O (c.mm./mg. dry weight/hour) for comparison with 
other published figures. 
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ANALYSIS OF RESTING MUSCLE © See 
The glycogen and total carbohydrate values found during the winter 
(November and December) were much higher (Table I) than those 
found in the summer (June and July). Values for opposite halves of the 


Tann I. Carbohydrate content of resting muscles, mg./ 100 g. 


Excess total 
Total carbohydrate 
Half Half Diff. Half Half Diff. pe. of bar 
a b p- O. a b p-c. 
2155 2350 8-3 2315 2020 12-6 — Nov. 
2170 2170 0 1970 1850 61 — 75 
— 2520 — 2100 — — 716˙7 x 
3098. — — — 
Mean 
2562 3 . 2236 — — — — 
1659 1341 19-2 676 723 6-4 — June 
1139 1144 0-4 1040 1050 1-0 — . 
— 1020 — 888 — — +12-9 55 
— 778 — 823 — —— — 55 72 
1794 1810 0-9 2075 2060 0-7 — July 
885 909 2-5 1728 1782 3-0 — 55 
8. — 1135 — — + 80 1 
— 1019 — 1070 — ak — 46 ‘8 
1228 — — 1254 — — — eit 
* Single muscles. 


same muscle gave fair agreement, both for total carbohydrate and for 
glycogen. When total carbohydrate in one half was compared with 
glycogen in the other on the average the total carbohydrate content was 
higher, but the differences did not lie outside those found between total 
carbohydrate or glycogen in two halves of the same muscle. In the few 
estimations made of fermentable sugar the results were not very constant, 
mean 47 mg./ 100 g. The lactic acid content fell the longer the muscles 
were allowed to recover from dissection in oxygenated sea water. The 
mean value for muscles left from 10-30 min. was 28 mg./100 g., whilst 
that for muscles left 1-2 hours was 13 mg. / 100 g. The water content 
averaged 83:5 p. o. of the wet weight (11 muscles, spread 81-2-84-5 p. o.). 


OXYGEN CONSUMPTION 
Considerable variations were found for different muscles under the 
same conditions (Tables II and III). In a few experiments in which 
measurements were begun immediately after dissection oxygen uptake 
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was irregular, but not above the subsequent steady level, which continued 
unchanged throughout the experiment, 6-7 hours. In one experiment 
after 4 hours’ anaerobiosis the oxygen consumption rose from an original 
value of 40 to 48 c.mm./g./hr. for the first half-hour after readmittance 


Tax II. Influence on oxygen consumption, o. mm. O,/g. wet weight/hour, of 
(a) temperature, and (b) medium. 


No. of from mean dry weight, 
exps. Spread Mean 16-5 p. e. de we 


(a) Sea water phosphate, pH 7-2 
Temp. (° C.) 

75 12-25 18 0-11 
12 31 13-52 34 0-21 
15 13 26-52 37 0-22 
25 13 27-53 0-24 
8 3 100-100 100 0-61 

(b) Temperature 15° C. 3 

Medium 
Unbuffered sea water, pH 8-4 4 27-47 36 0-22 
Sea water phosphate, pH 6-6 3 22-26 24 0-15 
alone: 

(a) pH 7-2 5 14-28 21 0-13 
(6) pH 9-0 6 13-40 26 0-16 


of oxygen, but later fell back to 40 c.mm./g./hr. There was little difference 
between the rates of oxygen uptake at 12, 15 or 25° C., but that at 7-5° 
was considerably lower. In a few experiments at 37°C. the rate was 
much greater, but fell off after 3 or 4 hours. The highest rates were 
recorded from muscles in sea water alone (pH 8-4) or sea water buffered 
with phosphate at pH 7:2. (Sea water phosphate mixtures above pH 7-2 
could not be used owing to precipitation of calcium phosphate.) Sea 
water phosphate at pH 6-6 or phosphate alone at 7-2 or 9-0 gave lower 
values. The pH of the medium did not change significantly during 
these experiments. No differences were observed between the rates 
of oxygen uptake of spring (February-April) and summer (June) 
muscles. 

Effect of added substrate and of sodium monoiodoacetate (1.4.4.). The 
interpretation of the results of these experiments is complicated by the 
fact that addition of medium alone may cause a decrease in oxygen 
uptake (Table III). In many of the experiments in which lithium lactate 
or glucose was added to the medium oxygen uptake was decreased, in 
some there was no change, but in none was there any increase. In all 
experiments in which 1. A. A. (1/10,000, neutralized NaOH) was added the 
oxygen uptake was decreased, and this was the case also when glucose 
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and 1. A. A. were added together. On the other hand, when lithium lactate 
and 1. A. A. were added together, in half of the experiments there was no 
decrease. 


Tastz III. Oxygen consumption, o. mm. /g. wet weight /hr., (a) before, and (5) after 
addition of various substrates. Sea water-phosphate buffer, pH 7-2, temperature 12° C. 


Lithium 
lactate Glucose 
Lithium 0-02 M 0-02 M 
Sea water 1. A. A. lactate and 1. A. A. Glucose and 1. A. A. 
phosphate 1/10, 000 0-02 M 1/10,000 0-02 M 1/10,000 
a b a b a 5 a b a b a b 
25 2 1 13 18 3 22 37 23 46 38 
23 24 44 34 44 36 18 19 34 37 28 
25 18 42. «631 39 29 30 27 30 31 21 13 
36 27 30 10 33 31 52 92 26 38 28 
20 13 40 28 40 29 
36 27 36 17 29 28 
48 
30 


1.4.4. =Todoacetic acid (neutralized with NaOH). 


ANAEROBIOSIS 


A large number of experiments were carried out in different buffer 
solutions, both with and without sea water, and at different temperatures, 
in an attempt to find the optimum conditions for lactic acid formation. 
The results are summarized in Table IV. Results were very variable, 
especially during the summer months (May to July), when many muscles 
treated exactly in the usual manner formed almost no lactic acid. There 
was some evidence at this season that vigorous bubbling of oxygen 
through the sea water during the rest period caused lower lactic acid 
maxima, but the results were not conclusive. Maximum values attained 
were not influenced by temperature, 8°-20° C., but the rate of formation 
of lactic acid, calculated from experiments of short duration, Table V, 
increased with rising temperature. In general the highest amounts of 
lactic acid were formed in muscles in alkaline media containing phosphate. 
Some experiments were made in which glucose was added to the fluid 
surrounding the muscle. Only in those experiments in which both 
phosphate and bicarbonate were present was the mean value for lactic 
acid content above the mean for similar experiments without glucose, 
but even in these the values recorded were not outside the limits of those 
in experiments without glucose. 

No difference was observed in results from intaet or minced muscle. 
All attempts to prepare an active cell-free extract, using the method of 
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Tan IV. Lactic acid content of muscles after 16-24 hr. anaerobiosis, mg./100 g. 


Buffer 


Phosphate and 
bicarbonate 


Phosphate and 
bicarbonate 


Phosphate and 


Boyland and Mawson [1934], were unsuccessful 


22 


9-0 
9-0 


9-0 


Lactic acid 
(a) No glucose (6) 0-2 p. o. glucose 
Temp. No. of ee No. of 
°C. exps. Spread Mean exps. Spread Mean Remarks 
(1) Normal 
S — — Minced 
12 26 13-181 7 — — — Minced 
12 5 17-150 62 2 37,48 — Intact 
20 16 21-173 70 — — — Mided 
20 5 2171 81 2 31,37 — Intact 
8 4 1840 30 — — — Minced 
20 1 cs —- — — — Minced 
10 2 7200 8% — — — — Minced 
12 5 42-71 33 4 74-165 116 Intact 
20 2 1 — — — — Minced 
— — Minced 
20 4 8S 38 — — — Minced 
12 4 3658 52 — — — Minced 
12 1 42 — 1 19 — Intact 
20 1 3353 — — — — Minced 
20 2 238 — 2 37,49 — Intact 
8 1 — — — — Minced 
12 2 28,38 — 2 29, — Intact 
(2) Poisoned 1. A. A. 1/1000 
7 1 9 — — — — Intact 
12 2 14,3 — — Intact 
20 1 20 — — Minoed 
12 2 417 — — — — Minced 
(3) Poisoned NaF M/50 
⁵mm 
(4) Poisoned Na, S0, M/ 100 
Addition of adenosine 


triphosphate from rabbit muscle was without effect. Muscles ground 
with sand before incubation also failed to produce lactic acid. 

In muscles containing up to 3000 mg./100 g. glycogen and forming 
at most 170 mg./100 g. lactic acid, there is no possibility of showing a 
balance between glycogen lost and lactic acid formed, if such exists. 
Experiments on winter muscles showed there was no significant change 
in carbohydrate after 24 hours’ incubation. In two experiments on 
summer muscles the following values were obtained in determinations 
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Tass v. Rate of lactic acid production, intact muscles, sea water 
phosphate buffer, pH 7-2 (Feb.- April). 


Tem Time content 
: ri hr. mg./100 g. mg./100 g./hr. Mean 0 
7 18-0 25 0-6 
17-0 19 0-4 Mean 0˙5 0-007 | 
15 6-5 29 2-5 
15 6-5 26 2-0 
15 6-0 30 2-8 
15 6-0 25 2-0 Mean 2-4 0-036 
25 40 30 4.2 
25 5 
25 6-0 32 3-3 Mean 4-4 0˙007 
37 5-0 
37 50 57 8-8 Mean 7:5 0-113 


Note. Rate caloulated taking 13 mg./100 g. (wet weight) as the resting lactic acid value 
and assuming the rate of formation to be constant. For calculation of O, mean dry 


anaerobic incubation at 12°C.: 


Total carbohydrate, mg./100g. acid, mg./100 f. 
1232 1134 98 23 59 36 
1257 1191 66 35 93 58 


In a few experiments in which fermentable sugar was measured on 
symmetrical halves of muscles before and after incubation, the values 
obtained showed great variation in both halves, on the average there was 

no change. 
The results of adding 1. A. A., NaF and Na,SO, to the surrounding 
medium during incubation are shown in Table IV. There was no accumu- 
lation of pyruvic acid in the experiments in which Na,SO, was added. 


STIMULATION 


In the first experiments (April until the middle of May) muscles 
contracted well and stimulation was continued until no further, or only 
very small, contractions resulted. From 50 to 80 mg./100 g. lactic acid 
was found in these muscles. In later experiments, from the middle of 
May to the end of June, muscles contracted on the whole for shorter 
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periods and contained, except for one experiment, only 16-36 mg./100 g. 
lactic acid (Table VI). 


Taste VI. Lactic acid content of muscles after stimulation, mg./100 g. 


Date No. of responses Laotio acid Remarks 
| (a) Aerobic 
Apr. 11 55 + tetanus 47 
May 21 21 


(6) Anaerobic: (1) Normal 
50 Z 


360 
rt 4 200. 55 
5 65 + long tetanus 60 
10 Long tetanus 72 ö 
May 8 30 87 Muscle still contracting well 
9 30 43 9? 
14 60 36 
21 80 16 
22 180 29 
23 60 16 
28 300 35 
29 200 65 
June 17 60 16 
19 60 32 
20 180 23 
(2) Poisoned 1. A. A. 
Apr. 12 28 13 1/1000 1.4.4. soaked 6 min. 
15 18 1/1000 „ 
May 9 20 7 1/ 1000 „ ” 15 „ 
10 15 11 1/1000 „ „ ake 
30 30 32 1 5000 5 
y 7 33 14 1/5000 ” ” 15 „ 
8 33 a 30 1/5000 ” ” 15 ” 
(3) Soaked in 0-6 M NaCl 
May 16 30 19 
17 30 19 
20 30 26 
(4) Soaked in 0-6 M NaCl and M/10 NaF 
May 16 9 29 | 
17 10 22 
20 40 23 


Effect of added lactic acid inhibitors. At the end of the rest period 
either sea water containing 1.4.4. or NaCl and NaF replaced the sea 
water bathing the muscle, stimulation was begun after 5 or 15 min. 
The experiments in which I. A. A. was added were all made during the 
earlier period when normal muscles were producing lactic acid. If 
1/1000 1.4.4. was used muscles responded to stimulation for 15-28 min., 
but formed no lactic acid. When 1/5000 1.4.4. was used the response 
continued for 30 min. and some lactic acid was formed, but less than in 
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a normal muscle stimulated for an equal length of time. In order to 
study the effect of added fluoride it is necessary to use a medium 
containing no calcium during the poisoning period. Normal muscles 
suspended in 0-6 M NaCl for 15 min. before stimulation, but stimulated 
in natural sea water, gave low values for lactic acid; but as these experi- 
ments were made in the latter half of May just when the summer effect 
was first observed, it was not clear whether this was due to the NaCl or 
to some change in the muscles. Muscles suspended in NaCl containing 
M/10 NaF for 15 min. before stimulation, and stimulated in natural 
sea water, failed to respond to stimulation before normal muscles 
similarly treated, but gave lactic acid value of the same order. From 
these experiments it cannot be said that fluoride prevents lactic acid 
formation, but it does cause more rapid fatigue. 


Discussion 

The mean value of oxygen consumption, O, 0-22 at 15°C., is 
nearly the same as that found by Meyerhof and Lohmann [1926] 
for frog intestine, O —0-28 at 20° C., and much lower than the values 
recorded for mammalian plain muscle [e.g. rabbit colon Q, —2-64; 
Rosenthal and Lasnitski, 1928]. Unlike striated muscle there is no 
rise on adding lactate, but the decrease due to 1.4.4. is in some cases 
abolished by lactate [of. Krebs, 1931]. This suggests that unpoisoned 
muscle has some aerobic glycolysis. No determinations of aerobic 
glycolysis were made, but Meyerhof and Lohmann [1926] found 
for frog intestine a value of % 0-14 in the presence of glucose and 
Rosenthal and Lasnitski [1928] for rabbit colon Oe 0-39. The 
decrease in lactic acid content of muscle after rest in oxygenated sea 
water can be explained either by oxidative removal of lactic acid, or 
by diffusion into the sea water. | | 55 

The mean value found for anaerobic glycolysis, Q** 0-036 at 15° and 
0-067 at 25° C., is lower than that found by Meyerhof and Lohmann 
[1926] for frog intestine, O 0-11 without glucose and 0-50 with glucose, 
at 20° C.. No determinations were made of rate of lactic acid production 
in the presence of glucose, but it had little effect on the lactic acid 
maxima. In this respect the behaviour of this muscle is different from 
that of other samples of plain muscle investigated [Meyerhof and 
Lohmann, 1926; Rosenthal and Lasnitski, 1928; Prasad, 1935]. 
It is also in marked contrast to that of striated muscle, where, in a 
phosphate buffer, almost all the carbohydrate is converted into lactic 
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acid. In those few experiments in which carbohydrate decrease and 
lactic acid production were both measured, the two quantities were of 
the same order. Almost all the carbohydrate present is glycogen, the 
small and variable amounts of fermentable sugar seeming not to be 
converted to lactic acid. 

The reason for the cessation of lactic acid formation when there are 
such large amounts of glycogen present is not obvious. Perhaps the 
supplies of phosphagen, adequate for the work which the muscle performs 
in life, are rapidly exhausted in anaerobic conditions. Experiment has 
shown there is an easily hydrolysable phosphorus compound present 
(in one experiment inorganic P increased from 20 to 25 mg./100 g. after 
7 min. hydrolysis in N H S0); whether or not this compound is a 
nucleotide similar to the adenosine triphosphate of striated muscle was 
not determined. Possibly it is this compound which is soon exhausted 
in anaerobiosis and prevents further glycolysis. The small amount of 
easily hydrolysable P compound present may also account for the failure 
to produce active cell-free extracts, as Boyland and Boyland [1935] 
have suggested in the case of tumour tissue. 

No explanation for the failure of summer muscles to produce lactic 
acid on stimulation, and in many instances during anaerobiosis, is 
apparent from these experiments. The scanty information available of 
the breeding period of Mytilus edulis suggests it may last from February 
to June, so that the alactic acid” season does not coincide with this 
period. In frogs, where a change in metabolism is observed in summer 
months, the change occurs after hibernation and breeding have finished. 


SUMMARY 


1. The carbohydrate of the retractor muscle of the foot of Mytilus 
edulis was found to be almost all glycogen; in winter muscles the mean 
value was 2562 and in summer muscles 1228 mg./100 g. The lactic acid 
content of resting muscles was low. 

2. The influence of temperature and of pH on the oxygen con- 
sumption of the muscle has been studied. 

3. Addition of lactate or of glucose did not increase oxygen uptake. 
1/ 10,000 monoiodoacetate depressed oxygen uptake except sometimes 
in the presence of lactate. 

4. Lactic acid production during anaerobiosis was irregular and small. 
Addition of glucose did not materially increase lactic acid production. 
Todoacetate, and to a lesser extent NaF and Na,SO,, inhibited lactic 
acid production. 
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5. Muscles stimulated to fatigue contained from 50 to 80 mg. no g. 
lactic acid. Iodoacetate caused a diminished response to stimulation 
and inhibited lactic acid production. 
6. Summer muscles produced less lactic acid, both during anaero- 
biosis and after stimulation, than spring or winter muscles. 
7. Attempts to produce active cell-free extracts were unsuocesaful. 
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EXCITABILITY OF SENSORY FIBRES 
IN MAIA NERVE : 


Br J. YULE BOGUE ann H. ROSENBERG 


(From the Marine Biological Laboratory, Plymouth, and the 
Departments of Physiology, University College, London 
and London Hospital Medical College) 


(Received March 13, 1936) 


Pnkvrous quantitative studies dealt with the excitability either of the 
whole trunk or of the motor components in the crustacean nerve [for 
references see Bogue and Rosenberg, 1936]. Certain technical diffi- 
culties apparently prevented a similar investigation of the sensory fibres 
of these non-medullated nerves. The lower part of the limb nerve in 
Maia squinado consists mainly, or even entirely, of sensory fibres, the 
diameter of which is considerably smaller than that of the motor axons 
[J. Z. Young, private communication]. Very thin bundles of this part 
were isolated and mounted in a moist chamber, provided with two pairs 
of platinum electrodes for speed measurements and two pairs of non- 
polarizable electrodes (calomel half-cells) for stimulation and indication 
of the response. The areas of contact of the non-polarizable electrodes 
had a width of about 1 mm.; the interelectrode distance was 8-5 mm., the 
two pairs being 20-5 mm. apart (=conducting length). The resistance of 
8-5 mm. length of nerve was of the order of 250,000w. The monophasic 
action potentials of the thin bundles were several times higher than those 
of the trunk [Bogue and Rosenberg, 1936], and facilitated the detec- 
tion of a threshold response. The minimum reaction to graded condenser 
discharges of varied discharge-time and voltage was observed and re- 
corded by means of a direct coupled amplifier and mechanical oscillo- 
graph. 

Even with a duration of only 25 ysec., double peaks were occasionally 
obtained which, owing to their small distance, could not be twofold 
responses of the same fibres, but obviously were due to activity of dif- 
ferent fibres. With discharge times over 250ysec., multiple responses 

5—2 


* 
3 
1 
* 
¢ 
4 
* 
2 
* 
q 
4 
¥ 
* 
5 
4 
4 
K. 
. 
15 
4, 
¥ 
4 
. 
3 
Ey 
a 


68 J. Y. BODE AND H. ROSENBERG 


were common. These circumstances are apt to affect galvanometric 
measurements of the action currents, even in apparent threshold stimu- 
lation and particularly in semi-maximal stimulation of these nerves 
[Gerard, 1934; Rosenberg, 1934, 1935]. The strength-duration curves 
plotted bilogarithmically from the data obtained approximated fairly a 
constant minimum quantity of 10-* to 104 coulomb for the shortest 
discharge times. In their subsequent course the curves showed several = J 
3 more or less pronounced kinks which might correspond to the inter- 1 
| | change of different fibre sets. The shape of the experimental curve differed 5 ö 
a from the theoretical curve as derived from Hill's [1935] equation for 
condenser stimulation. It seemed therefore inadmissible to deduce a 
time constant of excitation from these results, although on principle 
Hill's [1936] equation Q/I,=k would be particularly appropriate for 
crustacean nerves, since their accommodation is very slow [Solandt, 55 
1936]. For these reasons we did not continue the curve beyond Iomseo. 
discharge time at voltages three to four times the rheobase. 1 
The usual determination of the chronaxie from the threshold dis- 
charge time for double the rheobase is rendered laborious on account of 
the multiple responses. We propose, therefore, the following procedure 
which avoids the use of rectangular shocks of precise duration, namely 
the application of constant current pulses of sufficient duration, the 
strength of which is raised in small steps, starting below threshold and 
finishing above double the rheobase. From records taken at each step 
the voltage required for single rheobasic response is read. When the 
voltage exceeds the rheobase by a small amount which varies in different 
preparations, additional single responses occur which apparently are 
reactions in fibres of higher rheobase. With further increase of the 
voltage, firstly the most excitable groups and subsequently the majority 
of the fibres give repetitive responses [see Jasper and Monnier, 1933]. 
Finally trains of frequent, irregularly superimposed waves are elicited 
(Fig. 1). ; | 
From observations on medullated nerve (frog’s sciatic) it appears that 2 
the time elapsed (1-7—2-0 msec.) between the make of a constant rheobasic 4 
current and the start of the action potential equals the main utilization 
time [Gildemeister's Haupinutzzeit] when the response is recorded at 
the stimulated region (cathode of the applied current). The elevation 
of the action potential is sufficiently sharp because it does not begin before 
the approximately exponential rise of the cat-electrotonic potential has 
reached about 97 p.c. of its final value [Bogue and Rosenberg, 1935]. 
With double rheobasic strength the start of the action potential occurs 
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half-way between, during the steep rise of the catelectrotonic potential, 
and is indistinct [Schmitz and Schaefer, 1934] unless the electrotonic 
deviation is suppressed by perfect bridge balance (Blair and Erlanger, 
1936]. We have therefore recorded the action potential after conduction 
over the stated length of nerve. Consequently the interval between the 
make of the constant current and the start of the first action potential at 
each voltage step includes the corresponding utilization time and the 


— 
* © 


Fig. 1. Nerve responses to long constant current pulses of 34-0 (=rhéobase), 36-8, 39-6, 
42-3, 45-0, 50-6 and 53-3mV. Make, upwards; break, downwards. Paper speed 
0-645 m. per sec. (record 268). Read from right to left. 


conduction time. The velocity of the wave was measured separately with 
submaximal induction shocks in the same preparation. Accordingly the 
conduction time was calculated for the interelectrode distance and 
subtracted from the measured total latency in b. O. stimulation. The 
difference is the make-response time. 

When make-response times are plotted against voltages a curve is 
obtained of the shape of the strength-duration curve for rectangular 
shocks. Its hyperbolic form is proved by the straight line which repre- 
sents the points when the product of make-response time and voltage is 
plotted. against time (W eiss’s line) (Fig. 2). The average results of seven 
experiments, made in December 1935 at a mean temperature of 16-5° C., 
are: rheobase 39:5 (28-4-51-5) mV. or 0-163 (0-054-0-220) AA., make- 
response time for rheobase 49-4 (22-6-74-4) msec. and for double the 
rheobase 8-3 (5°7-12-95) msec. 
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The make-response time for double the rheobase is nearly four times 
the chronaxie found by Monnier and Dubuisson [1931] in the claw 


nerve of the crab Callinectes sapidus at 22-23 C. for the slow wave 


which possibly originates in sensory fibres [see Bogue and Rosenberg, 
1986}. The discrepancy is reduced by a correction for the temperature 
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Fig. 2. Voltage/make-resp time curves, small and large circles. Quantity/make- 
response time line, dots. Large circles and dots represent the same data (records 
272/3). Small circles, records 268/9 (see Fig. 1). 


difference of 6-5°C. The contradiction, however, remains that this slow 
wave is propagated at a rate of only 1-6 m. per sec. at 22-5° O., while the 
velocity in the thin Maia bundles amounts to 2-9 m. per sec. at 16-5° C. 
It seems, therefore, questionable whether the make-response time at 
double rheobasic D. C. application is equivalent to the chronaxie in non- 
medullated nerve. 
Some factors possibly lengthen the make-response time beyond the 
minimal effective shock duration at double rheobasic strengt. 
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) The speed of propagation of the impulses in fibres excited by 


constant current may be smaller than that in fibres stimulated by sub- 


maximal induction shocks. Unfortunately we did not measure the 


velocity stimulating with constant currents at different distances from 
the leading-off region. ae 


(2) The actual utilization time may be shorter than the make-response 
time. Recording the responses of single axons in the phalangeal nerve 
preparation of R. pipiens at the cathode, Blair and Erlanger [1936] 
recently found that at rheobasic stimulation the make-response time 
coincided with the utilization time, but that with increase of voltage the 
response occurred after break of the constant current. The delay aug- 
mented rapidly with the first steps, and approached a nearly constant 
value with further increase of voltage. The make-response time/voltage 
relation formed a straight line when log V/(V — R) was plotted against 
time (R=rheobase). Our experimental data do not obey this exponential 
law, but, as shown, fit a representation typical for the strength-duration 
curve. Hence we conclude either that in non-medullated nerve there is a 


constant delay between break and response at any voltage, or that the 
_break-response time is small in comparison with the make-response time 


in these nerves. Measuring the velocity of the action potential wave 
with submaximal induction shocks at distances of 15 and 35 mm., no 


delay for the onset of the action potential was noticed at a paper speed of 


1-6-1-7 m. per sec. The delay may, however, be masked in multifiber 
preparations, as Blair and Erlanger suggest. These considerations 
also apply to a true latent period possibly contributing to the break- 
response time; according to Blair and Erlanger this latency, if it 
exists, is shorter than 0-07 msec. in frog’s medullated axons. With our 
present means we are. unable to investigate these problems in non- 
medullated nerve. 

In spite of the observed long durations of the make-response times 
at rheobasic and double rheobasic strength, these durations might be 
still too short, since the rheobase perhaps was set too high, particularly 
in the first exploratory experiments. Usually two potentials were 
determined, regularly either failing or succeeding to stimulate. These 
two steps were recorded. It is, of course, possible to enhance the exacti- 
tude in varying the voltage by small fractions around the probable 


threshold, and in recording all the trials side by side with a revolving 


drum as used in these experiments. The longest intervals observed at 
rheobasic and double rheobasic strength were 73-5 and 74-4 msec. and 
12-94 and 12-95 msec. respectively. From the mentioned strength- 
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duration curves for condenser discharges it follows that the discharge 
time for double rheobasic voltage is longer than 20 msec., and conse- 
quently the chronaxie longer than 7 msec. 

After completion of this paper we find that, in a new 3 
Arvanitaki, Auger and Fessard [1936] describe similar observations 
on nerve of Cancer pagurus and Carcinus maenas. The make-response 


times for rheobasic stimulation attain and even exceed 100 msec., the 
longest being 332 msec., while the times for double rheobasic strength 


which, without discussion, are identified with the chronaxie, range — 
35 to 50-80 (2) msec. 
SUMMARY 


The measurement of the interval between make of a constant current 
and the onset of the action potential wave in non-medullated sensory 
fibres of Maia nerve is described and discussed. This make-response time 
amounts to 23-74 msec. at rheobasic and 6-13 msec. at double rheobasic 
strength. The quantity / time relation follows Weiss's equation. 


The expenses of this research were defrayed partly by the Royal Veterinary College, 
London, and ee Hughes Medical 
Research Fund). 
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SOME OBSERVATIONS ON GENESIS OF SOMATIC 
MOVEMENTS IN SHEEP EMBRYOS 


By J. BARCROFT, D. H. BARRON anp W. F. WINDLEI 
(From the Physiological Laboratory, Cambridge) 
(Received March 25, 1936) 


ALTHOUGH a number of studies in development of early foetal movements 


have been reported [Windle and Griffin, 1931; Angulo, 1932; 


Windle, Orr and Minear, 1934; Windle, Minear, Austin and Orr, 
1935; Bridgman and Carmichael, 1935] complete agreement regarding 
the way behaviour becomes established has not been reached [Angulo, 


1935. The opportunity to investigate the sheep was welcomed because 


it offered hope that observations on large embryos might lead to better 
understanding of the phenomena seen in smaller laboratory specimens. 

A few representative experiments between the 32nd and the 38th day of 
the gestation period will be described. | 


MATERIAL AND METHODS 


The series consisted of twenty experiments. Urethane was the 
anesthetic of choice in the first seven. All other animals were given 
1-5-3 c.c. of “durocaine” intraspinally in the lumbar region. Each was 
placed in a bath of physiologic saline solution warmed to 38-40° C. The 
uterus was delivered through a low mid-lineincision and opened sufficiently 
to allow expulsion of the amniotic sac containing the embryo. Mechanical 
stimuli were applied to the amniotic sac and to the embryo itself. 
Employing small, insulated, nichrome-wire electrodes, faradic shocks 
from the secondary coil of an inductorium with two volts in the primary 
cirouit were used to explore the surface of the specimens. In general, 
procedures were varied from one experiment to another. An incomplete 
record of observations was made with a cinema camera, but this proved of 
len value than had been hoped for because of technical difficulties. 


1 Department of Anatomy, Northwestern University Medical School. 
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I. A summary of observations in sheep embryos 
there is a probability that some were a day older than that given. Size measurements were taken at the end of 
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So MOVEMENTS IN SHEEP EMBRYOS 78 


! OBSERVATIONS 


Skeletal muscles, stimulated with faradic current, contract before 
there is any indication of response from central nervous mechanisms. The 
first contractions of muscle were seen in a sheep embryo 23 mm. long; 
they moved the fore-limb outward and slightly forward or backward, 
depending upon the placement of the small electrodes. In an embryo of 
25 mm., hind-limb, neck, trunk, tail and even abdominal musculature 
could be caused to move. We shall designate these responses myogenic. 

Another type of somatic behaviour appeared in embryos which had 
grown to between 23-5 and 25 mm. Faradic shocks applied to the nose of 
two embryos produced active head extension. Similar stimulation over 
the spinal cord between the upper thoracic and the lumbar or sacral 
region gave rise to active movement of the fore-limb backward and 
perhaps slightly outward in most specimens this size; sometimes a myo- 
genic response was seen localized near the electrodes, and once an active 
hind-limb movement occurred. On a few occasions, pressure upon the 
amnion and tapping the fore-limb effectively produced similar fore-limb 


_Teactions, and once a head extension resulted from tapping the nose. 


In but one specimen, smaller than 27 mm. long, did any of these simple 
‘movements seem to be integrated; in this instance, faradic stimulation 
of the face gave rise to head extension which was once followed or accom- 
panied by a fore-limb movement like those elicited separately. It is note- 
worthy that not every stimulus produced a response; a brief period of 
rest seemed to be necessary before a movement, other than one of 
myogenic type, could be repeated. Furthermore, these active movements, 
and especially those obtained by mechanical agents, were elicitable for 
only a few minutes after delivery, although myogenic contractions could 
be called forth after death of the embryos. 

Other active movements with characteristics like those of the early 
fore-leg and head responses were added at embryo lengths of 27 mm. and 
later. Sometimes it was difficult to say that they did not occur spontane- 
ously because they were seen at the moment of expulsion of the specimen. 
However, it was demonstrated several times that the pressure of a glass 
plate upon the amniotic sac gave rise to similar reactions in quiescent 
specimens; such pressure was probably no greater than that exerted in 
delivery. Dorsiflexion of the hand occurred at 27 mm., and was seen at 
the moment the embryo was brought into view. An active hind-leg 
flexion (and perhaps a tail movement) was observed, and in one instance 
a forward movement of both hind-limbs moving simultaneously appeared ; 
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the latter response may have been due to active contraction of the lower 


trunk muscles. In this 27 mm. embryo, fore-limb and head movements 
sometimes occurred together, but at other times separately; faradic 
stimulation of the nose proved that these two movements were often 
integrated. However, the other active movements could not be demon- 


strated to be anything but separate, although perhaps occasionally 


simultaneous, reactions, even though strong shocks were applied to the 
nose. The hand movement accompanied fore-limb and head responses 
after facial stimulation of a 27 mm. embryo of 36 days, but apparently 
was unrelated to similar movements in one of the like size but 34 days’ 
gestation. The independence of hind-limb and tail movements was 
recorded during an experiment at 36 days in a specimen 22 mm. long 
(possibly a “runt”, because size does not correspond to age and be- 
haviour), which showed coordinated head and fore-limb activity. A 
29-5 mm. embryo responded to pressure upon the amniotic sac with 
simultaneous movement of the head and all limbs, but strong faradic 
stimulation of the face gave rise to no response caudal to the fore-limbs. 


A 31 mm. embryo’s reaction to pressure upon the amnion seemed to be 


quite definitely a quick spasm of contraction involving at one moment 
muscles of the mouth, trunk, limbs and tail. But an extension of the hind- 
foot with abduction of the toes, a movement not observed in younger 
specimens but occurring for the first time, preceded the generalized 
movements. Active movement of the back between the brachial and 
femoral regions was recorded in 31 mm. embryos but not earlier. Thus 
the earlier responses of the hind-limbs were separated from the actively 
contracting neck and fore-limb muscles by non-motile musculature. 


Discussion 


That muscles can contract before a central nervous mechanism be- 
comes functional is suggested by our experiments. This is in accord with 
findings of others in a number of species of animals [Windle, Orr and 
Minear, 1934; Bridgman and Carmichael, 1935; Angulo, 1935]. 

It is more difficult to interpret the active head and limb movements 
which follow the apparently myogenic phenomena. The reactions in 
question seem to involve the nervous system. The fact that they are 
always the same movements regardless of placement and type of stimulus, 
that they occur only at the time the embryos are in the best of condition, 


and that each is followed by a fatigue period, shows that they are quite 


unlike the myogenic reactions. How many neurones are involved in each 
of these movements? That of the head which follows stimulation of the 
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face in the region around the nose is caused by contraction of neck 
muscles; there can be little doubt that afferent and efferent nerve fibres 
and one or more synapses in the central nervous system are concerned. 
The fore-imb movement which follows electrical stimulation of the back 
over the spinal cord 5-10 mm. caudal to the limbs, probably involves a 
fibre coursing rostrad in the spinal cord, a synapse and a motor neurone 
to the fore-limb muscle; i. e. at least two neurones. The responses to 
tapping and pressing upon the amnion are like these fore-limb movements, 
and like those which later occur after stimulation of an afferent fibre 
from the face; their ready fatiguability suggests central nervous system 
involvement. Perhaps they follow conduction over afferent fibres from 
the limb muscles. Although nothing is known about the histological 
arrangement of structures in the nervous system of the sheep embryo, 


there is no reason to assume it to be different from that prevailing in other 


mammals. It has been shown in rat and cat embryos (also in the chick) 
that fore-limb movements, like those observed in the sheep, make their 
appearance at the time afferent nerve fibre collaterals complete the first 
reflex arcs in the brachial cord segments [Windle, 1934; Windle and 
Orr, 1934; Windle and Baxter, 1936]. } 

It has been suggested that the active embryonic movements occur 
because of stimulation of motor neurones, and are therefore neuromotor 
but not reflexes. It is not unlikely that muscle contractions can be 
effected occasionally by stimulating motor nerves to the muscle. In fact, 
it may even be that some of the responses, which we have called myogenic, 
depend upon the presence of primitive efferent endings; motor nerve 
fibres have reached the muscle in cat embryos at the time the first of 
these reactions occur, but before the sensory mechanism is completed. 
It is unreasonable to believe that the fore-limb and the head movements 
resulting from stimulation of points distant from effectors are due to 
excitation of motor neurones alone; we must assume that two neurones 
and a synapse are involved in these reactions which are among the first 
movements elicitable. A future histological study of the specimens 
which exhibited the responses in question may help to determine what 
neural connections were used. 

Whatever the nature of the first movements in the sheep embryos, 
they are apparently not part of a total mass reaction pattern (Coghill, 
1929; Angulo, 1932]. Our evidence suggests that each response (head, 
fore-limb, hand, hind-limb, foot) in its beginnings possesses individuality. 
Each can be evoked as a separate movement before it forms a part of an 
integrated series, and its characteristics are unaltered immediately after 
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it has become integrated. Very early we saw head and fore-limbs moving 
together; then head, fore-limb and hand; then head, fore-limb, hand and 
hind-limb. But before each of these combinations appeared, the newest 
movement occurred independently. This suggests that behaviour has its 
genesis in localized reactions, which are gathered into a pattern by some 
integrating mechanism in the growing nervous system. 

It would seem, then, that the early active movements, in so far as 
they involve more than one neurone, may be classified roughly into three 
stages: the first, in which the movements of individual parts of the body 
are quite isolated ; the second, in which two or three such movements are 


associated into a group; and the third, in which such groups are integrated 


into a general mass movement. 


CONCLUSIONS 


1. Embryonic skeletal muscle contractions were elicited by faradic 
stimulation before the central nervous system functioned reflexly. 
2. Active reflex-like movements appeared in 23-5-25 mm. embryos, 
and were localized responses to mechanical and electrical stimulation. 
3. Integration of embryonic movements followed their appearance as 
separate phenomena. 
4. The nature of n movements in the sheep i is discussed. 
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THE CHEMICAL TRANSMITTER OF MOTOR IMPULSES 
TO THE STOMACH 


By J. S. HARRISON Axp B. A. McSWINEY 
Department of Physiology, University of Leeds) 
(Received March 5, 1936) 


Ir has been shown that stimulation of the vagus nerves may cause 
contraction or relaxation of the stomach, the deciding factors for pre- 
dominance of a motor or an inhibitory effect being apparently the condi- 
tion of the stomach at the time of stimulation [McCrea, McSwiney and 
Stopford, 1925]. Likewise, stimulation of the sympathetic supply to the 
stomach may cause either contraction or relaxation, but in this instance 
the effects on the stomach depend on the type of stimulation employed 
[Brown, McSwiney and Wadge, 1930; McSwiney and Robson, 
1931]. 

In view of recent work it appeared probable that some of the dual 
effects of vagus and sympathetic stimulation might be explicable on the 
basis of an admixture in vagus and sympathetic nerves of cholinergic 
and adrenergic fibres. Dale and Feld berg [1934 a] have shown that the 
venous blood or perfusion fluid from the stomach contained acetylcholine 
in recognizable concentrations when eserine had been inje ted or added 
to the perfusion fluid. Stimulation of the thoracic vay. adequate to 
cause contraction of the stomach wall caused a manifold increase in the 
acetylcholine. Further, the existence of cholinergic fibres in postgan- 
glionic sympathetic fibres has been well established, in the nerve fibres 
to the sweat glands [Dale and Feldberg, 1934 ö], the lip [von Euler 
and Gaddum, 1931], the uterus [Sherif, 1935] and the sympathetic 
vaso-dilators of the leg in the dog [Biilbring and Burn, 1935). 

In these experiments we have attempted an analysis of the complex 
responses of the stomach to stimulation of vagus and sympathetic nerves, 
using eserine and atropine to augment and to inhibit — the 
effects of cholinergic nerve fibres. 
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METHOD 


The response of the cat’s stomach, and of isolated strips of the cat’s 
and rabbit’s stomach, to stimulation of the vagus and sympathetic nerves 
was recorded. 

Spinal preparations were generally used when contractions of the 
whole stomach were recorded. The main operative procedure was carried 
out before the cord was transected and the brain destroyed. In some 
experiments animals anesthetized with sodium luminal were preferred, 
as Brown and McSwiney [1932] have shown that this drug reverses 
the inhibitor response of the stomach to sympathetic stimulation. The 
method used to record the contractions of the stomach was similar to that 

previously described by Brown, McSwiney and Wadge [1930]. The 
vagus nerves were stimulated in the neck and in the thorax below the 
heart. Electrodes were applied to the sympathetic trunk in the thorax 
and to the splanchnic nerves in the abdomen. 3 

Isolated strips of muscle freed of mucous membrane and innervated 
by the vagus and peri-arterial nerves were obtained from the fundus of 
the stomach as described by McSwiney and Robson [1929, 1931]. The 
strips were suspended in a bath (125 c. c.) of oxygenated Ringer-Locke 
solution maintained at 37°C. The vagus and peri-arterial nerves were 
threaded through fluid electrodes filled with Ringer-Locke solution. 

The nerves were stimulated at various frequencies either by an induc- 
tion coil and a Brown and Lees contact breaker, or by a neon lamp 
oscillator. 

The dose of eserine used varied between 0-1 and 0-2 mg., atropine 
0-025 and 1-00 mg. Approximately the same amounts of the drugs were 
employed for intravenous injection as were added to the bath containing 
the isolated preparation. 


EXPERIMENTAL RESULTS 


(a) Acetylcholine. — Action of eserine 


Intravenous injection of acetylcholine (5-107) caused contraction of 
the stomach. Similar effects were obtained with the muscle strips when 
the drug (4y) was added to the bath. Occasionally relaxation was re- 
corded, McCrea and Macdonald [1928] have reported dual effects with 
acetylcholine, and they suggest that the direction of the response is 
dependent on the tone of the stomach muscle. : 
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After intravenous injection of eserine (0-2 mg.) the motor response of 
the stomach to acetylcholine was markedly enhanced. Similar effects 
were obtained with isolated strips. 


(b) Vagus stimulation. 


Stimulation of the vagus nerves in the spinal animal causes contraction 
or relaxation of the stomach depending on the condition of the organ. If 
the organ was in a state of “hypotonus”, stimulation of the peripheral 
end of the vagus nerve caused contraction. After injection of eserine 
both the degree and duration of the contractions were increased. If the 


7.42 p.m. 8.32 p.m. 9.28 p.m. * 


Fig. I. Isolated vagus nerve- stomach muscle preparation. Tracing to show augmentation 
of motor o after eserine. 7.42 p. m., stimulation of vagus nerve, tetanizing current 
0-5 sec. 7.47 p.m., addition of 0-125 mg. eserine to bath. 8.32 p.m., stimulation re- 
peated. 9.28 p.m., stimulation repeated. 


organ was in a state of “‘hypertonus”, stimulation of the peripheral end 
of the vagus nerve caused relaxation. After the injection of eserine the 
relaxation was abolished and a marked contraction followed nerve 
stimulation. 

Stimulation of the vagus nerve innervating an isolated muscle strip 
evoked a contraction. Addition of eserine to the bath enhanced the 
response (Fig. 1). Relaxation of the muscle was rarely obtained on 
stimulation of the vagus nerve innervating the isolated strip, hence 
reversal effects could not be demonstrated with this preparation. 
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(c) Sympathetic stimulation. : 

Stimulation of the thoracic sympathetic trunk at a frequency of 
1 per sec. caused contraction of the body of the stomach, while stimula- 
tion with a tetanizing current evoked relaxation. In animals anesthetized 


6.18 p.m. 6.46 p.m. 8.41 p.m. 


Fig. 2. Cat. Anssthetic sodium luminal. Suprarenals removed. Tracing to show augmenta- 
tion and inhibition of motor response after eserine and atropine respectively. 6.18 p.m., 
stimulation of right thoracic sympathetic chain 4 V., 60 per sec. 6.25 p. m., injection 
eserine 0-2 mg. 6.46 p. m., stimulation repeated. 8.23 p. m., injection atropine 0-25 mg. 
8.41 p.m., stimulation repeated. 


with sodium luminal stimulation of the sympathetic trunk at all fre- 
quencies causes contraction. The motor effect of the sympathetic trunk or 
splanchnic nerves in the intact animal was augmented by eserine (Fig. 2). 

A similar augmentation of the motor effects of the sympathetic was 
obtained with isolated preparations of stomach muscle innervated by the 
peri-arterial nerves. | 

In many of the experiments reversal effects were recorded. We were 
able to confirm the observations of Brown, McSwiney and Wadge 
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[1930] that stimulation of the sympathetic trunk with a tetanizing current 
in the spinal animal caused relaxation. After injection of eserine the 
response was reversed and contraction was obtained on stimulation of 
the nerve (Fig. 3). 


3.48 p.m. 4.30 p. m. 


Fig. 3. Cat - spinal. Tracing to show reversal of response after eserine. 3.48 p. m., stimulation 
of right thoracic sympathetic chain 4 V., 50 per sec. 4-07 p. m., injection of eserine 
0-2 mg. 4.30 p.m., stimulation repeated. ? 


| Action of atropine 
Atropine abolished the motor effects of both the vagus and sympathetic 
nerves on the stomach in situ (Fig. 2). Furthermore, no motor response 
was elicited from the isolated preparation on stimulation of the vagus or 
peri-arterial nerves after addition of the drug to the bath. It is interesting 
6—2 
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to note that in a number of experiments relaxation of the whole stomach 
and of strips followed nerve stimulation after the use of atropine. 

It has been stated that the gastro-intestinal tract is more resistant to 
the action of atropine than the heart. We have carried out a number of 


A B 
Fig. 4. Cat-spinal. Tracing to show effect of atropine. A, stimulation of left cervical vagus. 
B, stimulation repeated. Between A and B 0-05 mg. atropine injected. 


experiments to test this point, and in our opinion there is no detectable 
difference between the threshold doses of atropine necessary for abolishing 
the vagus effects on the stomach and the heart (Fig. 4). 


Discussion 


The regularity with which we have observed augmentation by eserine 
and abolition by atropine of the motor effects of both vagus and sympa- 
thetic nerves makes it extremely likely that these motor effects are due to 
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stimulation of cholinergic fibres. The existence of cholinergic fibres in 
the sympathetic supply of the cat’s stomach is of interest in view of the 
results of Bil bring and Burn [1935], who showed that while there are 
many cholinergic sympathetic vaso-dilator fibres in the dog, the sympa- 
thetic vaso-dilator fibres in the cat appear to be few and to be adrenergic. 

Brown, McSwiney and Wadge [1930] have shown that such a contrast 
exists, but to a lesser degree, in the sympathetic supply to the stomach, 

as motor effects are obtained i in the dog’s stomach with much greater ease 
than in the cat. 

Brown and McSwiney 11932] pointed out that the motor effects of 
the sympathetic were abolished by ergotoxine. Similar effects were 
obtained in some experiments by McSwiney and Robson [1931] using 
isolated strips of muscle. We have examined the action of ergotoxine in 
greater detail and find that the drug not only inhibits the response of the 
isolated preparation to stimulation of the vagus nerve but also to 
acetylcholine. The results obtained by Brown and McSwiney [1932] 
and MceSwiney and Robson [1931] are probably explained on the basis 
that ergotoxine abolished the reactivity of the stomach muscle to 
acetylcholine and cannot, therefore, be regarded as evidence against the 

existence of motor cholinergic fibres in the sympathetic supply of the 
stomach. 

It seems certain that adrenergic fibres are present in the sympathetic 
nerves to the stomach. The relaxation obtained on stimulation of the 
sympathetic parallels the effect of injection of adrenaline. Further, the 
interpretation of the reversal effects with atropine, as an unmasking of 
adrenergic fibres by a paralysis of cholinergic fibres, appears to be 
justified. 

We are still in doubt as to whether the relaxation of the stomach 
obtained on stimulation of the vagus nerve is partly or entirely due to the 
presence of adrenergic fibres. The observations that eserine promptly 
changes a relaxation of the stomach into contraction and that a relaxation 
may be obtained on stimulation of the vagus nerve after atropine, are 
certainly suggestive. At the same time, an examination of the records 
shows that the latent period and character of the response are unlike the 
relaxation which may follow sympathetic stimulation. Further, McCrea 

and Macdonald [1928] have pointed out that relaxation of the stomach 
may be obtained with acetylcholine, and we have been able in the course 
of this investigation to confirm their observations. It may be that further 
work will show that the vagus inhibition is of the same type as that 
recently demonstrated by Brown and Feldberg [1936] as occurring in 
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the superior cervical ganglion and produced by acetylcholine. It is 
clear, however, that we are not in a position to advance at present any 
definite hypothesis to account for the relaxation of the stomach obtained 
on stimulation of the peripheral end of the vagus nerve. 


‘SuMMARY 


Stimulation of the vagus, the sympathetic trunk and the splanchnic 
nerves may cause contraction of the stomach in the spinal cat. The con- 
tractions are enhanced after injection of eserine and abolished by atropine. 
Similar effects were obtained with isolated preparations of the fundus of 
the stomach without mucous membrane and innervated by the vagus 
and peri-arterial nerves. It is probable that the sympathetic as well as 
the vagus nerves supplying the stomach contain cholinergic fibres. 


We are indebted to Mr G. L. Brown for many helpful suggestions. 
Government Grant Committee of the Royal Society. 
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FURTHER STUDIES UPON THE REACTIONS 
OF THE ABDOMINAL VENA CAVA 


By K. J. FRANKLIN AND A. D. McLACHLIN 
(From the University Department of Pharmacology, Ozford) 
(Received March 23, 1936) | 


In a previous paper [Franklin and McLachlin, 1936 a] we stated that 
faradic stimulation of the distal end of the cut splanchnic nerve pro- 
duced, in the rabbit and in the cat, a contraction of the abdominal vena 
cava between the iliac and renal vein entries. We also noted that stimu- 
lation of small nerve twigs going to the vein resulted in more localized 
contractions, and that tapping on the vein caused it to dilate. 

In later experiments upon the same portion of the vein we have 
attempted to investigate further the nerve supply, to obtain evidence of 
constrictor tone, and to study the mechanism of dilatation. 

The work has been done for the most part upon hutch rabbits and 
wild rabbits, ansesthetized with ether, but a few experiments have also 
been made upon cats, anzsthetized with ether and chloroform. Cooling 
of the alimentary canal after laparotomy was effectively prevented by 
retracting it to one side and laying it between two layers of cotton wool. 
Measurements of calibre were made with a pair of dividers, the points of 
which were thereafter pressed on paper. 


RESULTS 
(1) Of further studies of the nerve supply 


Stimulation of the distal end of the cut vagus nerve was found to be 
without effect upon the calibre of the vein. Atropine sulphate, in a 
dosage which completely eliminated the effect of distal vagus stimulation 
upon the heart rate, was without effect upon the contraction produced by 
stimulation of the distal end of the cut splanchnic nerve. The diminution 
in cross-section was 48 p.c. before atropine injection, and 47 p.c. after it. 
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Apart from its splanchnic innervation, the vein receives fibres from 
the right lumbar sympathetic chain. One or more slender bundles of such 
fibres can usually be found by careful dissection; on leaving the lumbar 
chain they course ventrally and caudally towards the vein, and we have 
no doubt that they correspond with the nerve twigs, which we stimulated 
in our earlier experiments. Faradic stimulation of the distal end of 
such bundles or of the parent chain resulted, in our later experiments, 
in localized contractions 1-2 cm. in length; the reacting portions of vein 
were more often in the distal than in the proximal half of the ilio-renal 
vena cava, but it is possible that we missed some proximal bundles, for 
the fibres are not easy to see and isolate. The diminution in cross-section 
of the vein resulting from stimulation of these lumbar nerves ranged 
from 16 to 33 p.c., and the contractions were followed by relaxation. 
After injection of ergotoxine ethanesulphonate, we obtained a small 
degree of dilatation (11 p.c. increase in cross-section) instead of con- 
traction upon stimulation of such a nerve. A reversal of similar sign but 
of greater degree (45 p.c. increase in cross-section) was obtained on 
faradic stimulation of the distal cut splanchnic nerve after ergotoxine. 
We may, therefore, assume the presence of dilator as well as of con- 
strictor fibres in the splanchnic and right lumbar sympathetic supply to 

the vein. 


(2) Of the search for evidence of constrictor tone 


The vein is generally found very constricted in hutch rabbits when 
the abdomen is opened. In wild rabbits the vein is as a rule appreciably 
wider, and the difference in calibre is doubtless to be correlated with the 
smaller bulk of the alimentary canal and the greater muscular activity 
of the wild animals. | 

Section of the splanchnic nerves might have been expected, in view 
of our previous findings, to produce a dilatation of the vein, and we did 
actually find a slight increase of calibre in preliminary measurements in 
a hutch rabbit and a decapitate cat; the former had its adrenal glands 
intact, in the latter they had been removed. The matter was studied in 
greater detail in two wild rabbits. The first one, weighing 1370 g., had 
its adrenal glands intact. The initial calibre of the vein, measured some 
time after laparotomy, was 2:2 mm.; 25 sec. after section of the right 
_ splanchnic nerve it was 2-5 mm., 180 sec. after section 2-2 mm. The left 
splanchnic nerve was then out; 60 sec. later the calibre was again 2-5 mm., 
and it was only after 10 min. that it had reverted to 2-2 mm. Tapping 
caused a dilatation to 3-7 mm., with recovery in 250 sec. In the second 
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rabbit, weighing 1400 g., the calibre of the vein immediately after laparo- 
tomy was 3-8 mm. After removal of the adrenal glands it was 3-1 mm., 
presumably because during the removal—which is not too easy in wild 
rabbits—a certain amount of adrenaline had been liberated into the cir- 
culation. Section of the splanchnic nerves had no effect in this animal, 
though tapping caused a dilatation to 3-8 mm. Inasmuch as the two 
rabbits were of the same weight, and the calibre of the vein after tapping 
was the same in both, we are inclined to attribute both the greater initial 
calibre of the vein in the second rabbit, and also its lack of response to 
splanchnic nerve section, to the greater depth of ansesthesia to which it 
was subjected; at one point it stopped breathing and had to be given 
artificial respiration for a short while. After stripping the vein in this 
second animal, we found that tapping increased its calibre to 4-6 mm. 
instead of the previous 3-8 mm. Such stripping must remove most or 
all of the entering terminal nerve fibres; in support of this view, we may 
state that it occasionally caused, in other animals, temporary localized 
constrictions, but that its final result was always a long-continued 
dilatation, which we could not in some cases increase further by tapping. 
The constrictions we attributed to temporary stimulation resulting from 
section of nerve fibres, the dilatation to lack of tonic constrictor impulses 
after such section. 

The most spectacular evidence, however, for a normal constrictor 
tone was provided by the different response to tapping in the normal 
animal, and in animals in which the spinal cord had been pithed 10-12 


min. previously. In the normal animal, immediately after laparotomy, 


the increase in cross-section of the vein on tapping may be of the order 
of 200 p.c., but the response is usually somewhat refractory and the 
return to the previous calibre occupies only a few seconds. In a rabbit, 
in which the spinal cord had been pithed, the vein was found contracted 
after laparotomy, presumably through a still persisting current of injury 
at the spinal outflow of the constrictor nerves. The constrictor tone was, 
however, by now so unstable that with the onset of tapping the vein 
immediately increased 500 p.c. in cross-section, and thereafter remained 
dilated. When we stimulated the distal right splanchnic nerve, we re- 
duced the new cross-section by 25 p.c., but after the stimulation the vein 
again dilated. 
Apart from a direct tonic e of constrictor nerves upon the vein, 
we may also count upon the possibility of a tonic action of circulating 
adrenaline, the more so as certain veins (q.v. infra) discharge “arterial 
blood into the distal end of the vena cava. It has been shown [Franklin, 
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1933] that adrenaline contracts the abdominal vena cava in situ, es- 
pecially its ilio-renal portion. In a hutch rabbit, in which we made 
observations over a somewhat longer period than usual, we found that 
stimulation of the distal left splanchnic nerve was followed by two 
successive contractions and relaxations of the vena cava; the first con- 
traction was at its height in 1 min., the second in 4 min. It seemed to us 
very possible that the first contraction was due to stimulation of veno- 
constrictor nerves, and the second to the action of adrenaline liberated 
from the adrenal medulla by stimulation of the secretomotor nerves; the 
time between the two contraction maxima would, on this hypothesis, be 
the circulation time from the adrenal medulla to the postrenal portion 
of the vena cava. There is a certain parallel in experiments by Bayliss 
and Starling [1894] on the dog, for upon stimulation of both splanchnic 
nerves they obtained two successive increases and decreases in the 
inferior caval pressure, measured through the femoral vein. The first rise 
was at its maximum 40 sec. from the beginning of stimulation, the 
second exactly 4 min. from the same point [ibid. graph of Exp. 5]. The 
suggestion that adrenaline plays a constrictor part also receives support. 
from observations made upon a particular wild rabbit. This animal, a 
male, had a somewhat larger alimentary tract than most wild rabbits, 
i. e. it approached to some extent the habitus of the hutch rabbit. Its 
vena cava was also more constricted than that of the average wild rabbit. 
of our experience. In addition, the adrenal glands were noticeably large, 
and on section it appeared to us that the medulla formed a larger pro- 
portion than usual of the total glandular bulk. 


(3) Of investigation of the dilator mechanism 

observed dilatation 

(i) after section of both splanchnic nerves, 

(ii) on very weak faradic stimulation of the distal splanchnic nerve, 

(ii) on faradic stimulation of the distal splanchnic nerve, or of right 
lumbar sympathetic twigs, after injection of ergotoxine, | 

(iv) on stripping the vein, 

(v) on mechanical tapping of the vein with the ; 

We have already described (i), (iii) and (iv). With regard to (ii), we 
need only state that in one case, the only experiment of this nature that 
we made, moderate faradic stimulation of the distal left splanchnic nerve 
caused contraction, and very weak faradic stimulation caused dilatation. 
We were unable, in other experiments, to produce dilatation by induced 
currents at 1 per sec., or by mechanical stimulation of similar rate, 
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applied to the distal splanchnic nerve; nor could we cause dilatation by 
induced currents at 1 per sec. applied directly to the vein. 

The idea of producing dilatation by tapping was suggested by the 
classical experiments of Goltz [1864] upon the splanchnic vessels. 
Goltz incidentally noted [ibid. pp. 399-400] that the dilatation was 
independent of the central nervous system, for it occurred even in animals 
in which the brain and spinal cord had been completely destroyed: 

We never failed, unless the vein was already maximally dilated, to get 
a response to tapping. Injection of atropine or of ergotoxine did not affect 
this response. It seemed, however, to be more readily elicitable or greater 
in degree or both under circumstances in which the constrictor tone was 
lessened, e.g. after section of one splanchnic nerve and even more 80 
after section of both nerves, after stripping the vein, and par excellence 
about 10-12 min. after pithing of the spinal cord. In addition, as already 
noted above, the depth of anesthesia had no apparent effect upon it. 

These various observations suggested to us the probability that it 
was @ local effect. To test this hypothesis, we freed a length of vein from 
its surroundings and cut all entering tributaries between ligatures, 
leaving only the iliac inflow. Then we cauterized the entire circumference 
of the vein in two places to interrupt any entering nerve fibres. The 
cauterization was so thorough that it constricted the vein and coagulated 
the blood at these points. When we had restored the flow by manipu- 
lation, we tapped the portion of vein between the cautery marks, and 
thereby produced dilatation not only in that portion but also in the 
portions on either side. It seemed to us, therefore, that dilatation was 
produced by the waves of blood set up by the tapping. That this view 
was correct was shown in another rabbit, in which no damage had been 


done to the vein. First, one strong tap was given and the finger kept 


down on the vein until the bump of the returning blood wave had been 
felt. Then the finger was lifted, and it was seen that the part which had 
been under it was still constricted while the rest of the vein on either side 
was dilated. When the whole vein was once more constricted, another 
strong tap was given and the finger at once removed; in this case the 
whole vein dilated evenly. Further proof was provided in another rabbit. 
In this animal the tributaries to the vein were ligatured and the vein 


itself tied off proximal to the union of the iliac veins. Its calibre dimin- 


ished to 1-5 mm. It was then lifted up in the middle by a seeker passed 
underneath it and, while free passage of blood from the proximal into 
the distal portion was thus prevented, the proximal portion was tapped 
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The seeker was then withdrawn slowly and, though some blood flowed 
from the proximal into the distal portion of the vein, the calibre of the 
latter remained markedly smaller than that of the former. When the 
vein had again contracted to its original calibre, a tap to the proximal 
portion, without the seeker in position, resulted in an equal dilatation 
along the whole length of vein. 

If the vein automatically dilates under physiological conditions with 
each inflow of blood, as we considered possible from these experiments, 
the reaction must be a rapid one and must give way to constrictor tone 
once the blood has passed on. These conditions are apparently fulfilled, 
for we observed dilatation reaching its height in 0-2 sec. after a single 
tap, and the original calibre of the vein thereafter resumed in 10 sec. 


Merely lifting the vein up with a seeker so as to interrupt the flow caused 


a rapid and definite dilatation, visible with the naked eye, of the portion 
o vein distal to the seeker, so dilatation occurs as a result of excess of 
inflow over outflow. Such dilatation, though rapid enough, was not 
absolutely so fast as that produced by a tap, but the stimulus presumably 
was not so brusque in character. 

We considered that the mechanism brought into play by the tapping 
might be purely muscular, or else neuro-muscular. In the latter category 
we included as possibilities an axon reflex, a local ganglionic reflex, or 
stimulation of the vaso-dilator nerve endings in the vascular musculature. 
The first possibility was apparently ruled out by experiments with cocaine. 
We first measured the normal calibre of the proximal and distal portions 
of the vein, and then their dilatation on tapping; both portions were 
equally reactive. Then we painted the distal portion all round with a 
4 p.c. solution of cocaine hydrochloride in saline, and 6 min. later found 
the response to tapping unimpaired in both portions. We repeated the 
painting a little while later and in another 5 min., or 18 min. from the 
first painting, the tapping was once more equally effective all along the 
vein. The same cocaine solution, applied to the conjunctiva of the right 
eye, caused an increase in diameter of the pupil in 7 min. from 5-3 to 


7 mm.; the pupil of the untreated left eye was noticeably smaller than 


that of the right eye at the end of the time. The vein wall in a rabbit is 
thinner than a piece of paper, so it is improbable that the cocaine was 
unable to penetrate into it, though one cannot be absolutely sure. The 
possibility of a local ganglionic reflex was somewhat similarly tested with 
nicotine in another rabbit. The middle third of the vein was painted with 
0-1 p.c. nicotine in saline; 3 and 5 min. later the vein dilated evenly on 
tapping in all three sections. The elimination of an action of vaso- 
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dilator nerve endings was suggested, rather than proven, by the fact that 
the maximum dilatation produced by distal splanchnic stimulation after 
injection of ergotoxine did not always correspond with the maximum 
dilatation produced by tapping; that the splanchnic effect should at 
times be greater than the local one seems to imply different mechanisms 
for the two reactions. 


(4) Of further study of stream-lines in the vena cava 

We noted previously [Franklin and McLachlin, 1936 6) that 
stream-lines of bright red arterial blood can be seen passing up in the 
abdominal vena cava from the uterine veins, and remaining distinct 
from the rest of the blood, which is of normal “venous” hue. These 
stream-lines are pertinent to the present communication, in so far as 
they must carry adrenaline secreted by the adrenal glands not only in 
greater amount, but also with greater rapidity, to the distal end of the 


abdominal vena cava; so much we may assume from the ie lack of 


desaturation of the blood in its passage. 

It did not occur to us, when we wrote this earlier account, that such 
stream-lining would be present in both sexes. Yet such is the case. All 
the animals, which we have since examined, have shown it. In the female 
red blood comes from the uterine veins, especially in the early stages of 
pregnancy, and from the right ovarian vein. Sir Joseph Barcroft 
thinks that the uterine inflow may become more “venous” in the 
advanced stages of pregnancy, but so far we have not been able to obtain 
a suitable animal for examination. The uterine veins open into the iliac 
veins by peculiar bulbous endings, which are dimpled in the middle; the 
right ovarian vein opens direct into the vena cava some distance proximal 
to the union of the iliac veins. In the male red blood passes into the 
iliac veins through bulbous endings, similar to those of the uterine veins; 
so far as we have been able to trace them, the veins which carry this 
blood drain the vasa deferentia. The right testicular (spermatic) vein, 
like the analogous right ovarian vein, also discharges red blood into the 
vena cava. Apart from these genital sources, the renal veins may send 
‘‘arterial” blood into the vena cava, and in one instance we noticed a very 
definite stream coming from a vein which drained the perinephric fat on 
the right side. In every case the streams passed up the vena cava without 
mixing with neighbouring venous blood. We have seen as many as six 
separate streams of “arterial” blood proximal to the renal vein entries. 
The phenomenon is not peculiar to the rabbit, for we have seen similar 
stream- lining in the cat, and doubtless it occurs also in other species. . 
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Disturbance to the vein will cause temporary disappearance of the 
streams; they also become indistinguishable if anesthesia is pushed so 
far as to interfere with proper pulmonary respiration. The stream-lining 
is more conspicuous in wild rabbits than in hutch rabbits. It is possible 
that the “arterial” nature of the blood coming from the genital regions 
may be connected with the presence of arteriovenous anastomoses in 


those parts; there is, at all events, some support for the idea in the 


literature upon such anastomoses. 

In one doe rabbit, in which the uterine streams were conspicuous in 
the extreme, the thorax was rapidly opened on the right side, and artificial 
respiration administered by placing in the mouth of the animal the tube 
from the artificial respiration pump. The diaphragm continued to con- 
tract regularly, and with each contraction the thoracic inferior vena cava 
lengthened and diminished in calibre. The inflowing blood was thus 
subjected to considerable churning. Nevertheless, we were still able to 
observe through the vein wall some red blood among the blue blood, 
even if it was no longer coursing in the clear cut abdominal fashion. 


Discussion 


The calibre of the ilio-renal vena cava seems to be under the control 
of at least four factors. The first of these, the venodilator nerve supply 
revealed by ergotoxine, has not yet been shown to have any tonic in- 
fluence and is perhaps only concerned with reflex effects. The veno- 
constrictor nerves, on the other hand, seem to have a tonic action upon 
the vein, and in this action they may be supported by the third factor, 
viz. circulating adrenaline. The fourth factor is the local dilator me- 
chanism, which is set in action experimentally by tapping and physio- 
logically, if our interpretation is correct, by inflow of blood into the vein. 

In the seventy odd years since Goltz performed his Klopfversuch”, 
tapping or similar mechanical stimulation has been used to produce 
veno-dilatation but never previously, so far as we know, in an effort to 
throw light upon the normal behaviour of the vascular system. We, 
therefore, place more value upon this outcome of our experiments than 
upon any results of our enquiry into the intrinsic mechanism of this local 
dilatation. 

Yet the intrinsic mechanism is not without interest. The trend of our 
pharmacological tests, which have the sanction of tradition even if they 
are not perhaps so conclusive as we could ourselves desire, is to exclude 
_ axon reflexes or local ganglionic reflexes. We have put forward reasons 
9 view that veno-dilator nerves are not involved. The 
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most probable explanation, therefore, is that the effect is a purely 
muscular one. If the dilatation had been very localized in all cases, we 
should have considered the possibility of a contraction of “longitudinal” 
muscle but, as we often produced dilatation of the whole ilio-renal vena | 
cava, the increase in calibre must rather have been due to relaxation of 
the “circular” muscle. The extreme rapidity with which dilatation can 
occur on tapping is unusual for smooth muscle, but this particular 
smooth muscle layer is extremely thin and blood is present ready to flow 
into the vein at the slightest sign of yielding. As Fleisch found [1931] 
that histamine 1 x 10 to 1 x 10-* dilated perfused, but still innervated, 
mesenteric and colic veins in the cat, we thought that it might be an 
intermediary in our dilatations. We, therefore, removed the mesentery 
from part of a rabbit’s vena cava and, with adequate controls, applied 
_ histamine 1 x 10 at 37° C. to the exposed portion. It was without effect, 
though a single tap to the vein caused dilatation. Similarly negative 
results were obtained with adenosine 1 x 10-*. It was, of course, possible 
that the solutions did not penetrate to the muscle fibres. 


SuMMARY 


1. The ilio-renal portion of the vena cava of the rabbit receives some 
nerve fibres from the right lumbar sympathetic chain. Distal faradic 
stimulation of these fibres results in localized contractions of the vein. 

2. It does not, apparently, receive any fibres from the vagus nerve. 

3. After injection of ergotoxine ethanesulphonate, distal faradic 
stimulation of the splanchnic nerve or of the right lumbar sympathetic 
nerves results in dilatation of the vein. — 

4. The dilatation, produced by tapping the vein wall is a purely 
local effect. It is opposed by the sympathetic constrictor tone, and 
perhaps also by the action of circulating adrenaline. 

5. Further details are given about the occurrence of stream-lines of 
“arterial” blood within the vena cava. They can be seen in either sex 
coming from the genital veins. At times similar streams come from the 
renal veins and elsewhere. 
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OXYGEN TRANSPORT OF THE FC@TAL AND 
MATERNAL BLOOD DURING PREGNANCY 


By R. G. LEIBSON, I. I. LIKHNITZKY anv M. d. SAX 


Cron the Physiological Laboratory of the Leningrad State Pediatrical 
Medical Institute) 


(Received December 11, 1935) 


Part I. DissoclaTION CURVES OF OXYHAMOGLOBIN IN THE FETAL 
AND THE MATERNAL BLOOD 


In studying the conditions of oxygen supply of the foetus, the main point 
is to ascertain the gas pressures on both sides of the placental barrier. 
The information in the literature on the quantity of oxygen in the uterine 
blood of the mother, and in the umbilical vessels of the foetus [Hasel- 
horst and Stromberger, 1930, 1931; Barcroft, 1933, 1934] can give 
but little idea of oxygen transport conditions unless the properties of the 
dissociation curves of the foetal and maternal blood are known. Huggett 
[1927] was the first to obtain the dissociation curves of the foetal and 
maternal blood. According to his data the dissociation curve of the 
foetus lies lower than that of the mother. 

Anselmino and Hoffmann [1931] determined the quantities of 
oxygen taken up by the blood of the human foetus at different partial 
pressures of oxygen. The fœtal blood dissociation curve, which they 
calculated on a supposed oxygen capacity, cannot be compared with other 
dissociation curves known in the literature on the subject, especially as 
they obtained their figures at zero pressure of carbon dioxide. Hasel- 
horst and Stromberger [1931], who had investigated the blood of the 
human foetus obtained in Cesarean sections, determined the relationship 
between K and cH (K being that in Hill's formula) for the maternal and 
foetal blood and calculated the dissociation curves for the circulating 
blood. 

The authors assumed that Hill’s formula with a constant value for 
n“ can be applied to both maternal and foetal blood. Therefore the 
curves they calculated coincide in shape. The dissociation curve of the 
foetus that they obtained lies higher than that of the mother and both 
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curves lie lower than the curve obtained by Barcroft for the human 
blood at the same cH value. Barcroft [1933-4] found that the dissocia- 
tion curve of a pregnant goat lies below the norm and the dissociation 
curve of its foetus lies above the norm and differs from it in shape. For 
each week of pregnancy a pair of curves was determined. 

Eastman, Geiling and De Lawder [1933] investigated the dis- 
sociation curve of a pregnant woman and her foetus. According to 
their data the dissociation curve of the mother was displaced to the 
right and that of the foetus lay within the limits of the norm. With the 
exception of the latter work, with which we became acquainted only at 
the end of our investigation, the dissociation curves of the blood of a 
pregnant woman and of the human fotus were always obtained by 
calculation. The importance of the question made us undertake a system- 
atic investigation of the dissociation curve of the blood of the mother and 
of the foetus at full term. 

Method 


We investigated the blood of the mother and the blood from the 
umbilical cord of the foetus immediately after parturition. To the blood, 
oxalate (20 mg. to each 10 c. c. of blood) was added to prevent coagulation. 
2 c. o. of blood were introduced into a saturator. Saturators were charged 
with gas mixtures at 40 mm. of carbon dioxide pressure and at different 
partial pressures of oxygen. Barcroft’s differential apparatus was used 
for blood analysis. 

The gas analysis was made in Haldane’s apparatus (Simonson’s 
model). In order to avoid the penetration of blood into the burette of the 
apparatus (instead of the special tap proposed by Barcroft [1934]) we 
used the following manipulation. The pipette of the tonometer (the 
tonometer being horizontal) and the burette of the Haldane’s apparatus 
were connected by a thick-walled rubber tube. By raising the mercury 
reservoir the tube, the pipette and the side pipe of the tonometer tap are 
filled with mercury. By turning the tap, the burette is connected with the 
inside of the tonometer, and a drop of mercury is forced into the tono- 
meter, which draws the blood from the tap. 

Since the carbon dioxide pressure in some of the sehen was higher 
or lower than 40 mm., in plotting the curve we reduced the obtained 
percentage saturations to 40 mm. of carbon dioxide. For this purpose 
we made use of the nomogram for the blood of A.V. 5 from Henderson's 
[1928] book, Blood. 

In the conditions of our experiment the individual deviations of 
carbon dioxide pressure from the intended value of 40 mm. were not 
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greater than +5 mm. Consequently the correction involved but a slight 
change of the experimentally obtained values. 

The data obtained in the experiment were corrected graphically by 
plotting the curve passing through the rectangles representing the experi- 
mental error to which the determinations are liable. In tabulating the 
material (Table I) we did not make use of the direct experimental data 
but of the values taken for the corresponding pressures from the corrected 
curve. 

Dissociation curve of a woman’s blood 


To ascertain the range of variations of the dissociation curve of a 
woman we investigated the blood of ten healthy women. The blood was 
obtained by means of a syringe from the arm vein. 

The average figures and the degrees of deviation are shown in Table I. 

In all cases investigated the blood is 50 p.c. saturated at the partial 
oxygen pressures ranging from 27 to 32mm. On the average 50 p.c. 
saturation of a woman’s blood takes place at the oxygen pressure of 
29 mm. 

Typical curves for human blood obtained by other investigators lie 
very nearly within the same area as our curves. Thus, according to 
Barcroft’s data, 50 p.c. saturation takes place at 28 mm. of oxygen and 
according to Haldane at 34 mm. of oxygen. 


Tam I. Percentage oxygen saturation of the bloods of normal women (ten cases), full 
term pregnant women (ten cases) and the full-term foetus (ten cases) 


0 
pres- Normal women Full-term pregnant women Foetus 
mm. Av. Max Min. Av Max. Min. Av Max. Min. 
10 10 11 8 10 12 8 14 17 10 
20 27 20. @ 25 28 21 35-5 45 28 
30 51 57 46 47 50 40 60-5 70 52 
40 68-5 74 63 64-5 69 62 76 82 70 
50 80 77 77 81 73 84-5 90 80 
60 88 92 86 85-5 89 81 90 94 87 
70 93 96 92 90 93 87 93-5 97 92 
80 96 99 95 94-5 96 92 96-5 98 95 
90 99 100 97 96-5 97 96 98 . 
Foetal weight in kg. 3-38 4-2 2-7 
Foetal length in cm 50 52 47 


Blood dissociation curve of a pregnant woman 


The blood of pregnant women was obtained from the arm vein directly 
after parturition and before the separation of the placenta. The average 
results of ten cases are given in Table I. 
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The curves of the bloods of pregnant women vary within as narrow a 
range as those of non- pregnant women, but the area of variation is 
slightly to the right. 50 p.. saturation is reached at oxygen partial 
pressures from 30 to 35 mm., on the average at 31 mm. The average 
curve for the maternal blood coincides with the minimum curve of the 
normal woman’s blood. The curves differ little in shape (Fig. 1). 


70 * 
60 
8 50 
40 
Ne 
30 2 
| 
10 
| O, partial pressure in mm. Hg. my 
Fig. 1. Average dissociation curves for the blood of a mother ( ), of a non-pregnant 
woman ( h, and of the fostus (——), with the ranges of individual variations. 


Thus our results agree with the indications given in the literature, 


that the oxygen dissociation curve is displaced to the right during 
pregnancy. | 
Dissociation curve of fœtus 


The foetal blood was obtained from the umbilical cord immediately 
after the birth of the infant. The weight of the infants was from 2-7 to 
4-2 kg., length from 47 to 52 cm. The average figures obtained are shown 
in Table I, 

In examining these tables we are struck by two characteristics of the 
foetal curves: wide limits of deviation and distinct variation of shape 
(Fig. 1). The point of 50 p.c. saturation lies between 22 and 29 mm., on 
the average 25 mm. : 

We find it possible to distinguish two types of foetal curves without 
any sharp distinction between them. To the first type belong the curves 
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10 20 40 50 60 70 
O, partial pressure in mm. Hg. 


Fig. 2. Dissociation curve of the foetus ( ) which does not differ in shape from that of 
a non-pregnant woman. 
possible error of the analysis. 
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O, partial pressure in mm. Hg. 


Fig. 3. Dissociation curve of the foetus differing in shape from that of a non-pregnant 
woman. Notation same as in Fig. 2. 
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which coincide in shape with that of an adult but which are displaced to 1 
the left to a lesser or greater extent (Fig. 2). 

An example of a curve of the second type occurs in case 3 (Table II 
and Fig. 3). Beginning within the area of variation for a woman's blood, 
the curve rises rapidly, moves sharply to the left from the upper border 
of the area, and shows the greatest deviation from it between 20 and go 
45 mm. Here the curve begins to deviate to the right, and in the region 
of 60-70 mm. crosses the area of variation of the normal woman’s curve. 
Comparison of curve No. 3 and curves Nos. 4 and 6, which closely re- 
semble it in shape, with the data for the maximum of variations of the 
non-pregnant woman’s curve, is given in Table II. | 

The above-mentioned curves (Figs. 2 and 3) are the extreme types of 5 
variation for the fœtal blood. * 

The other cases are intermediate between these two types. In all 
cases the dissociation curves of the foetal blood are displaced to the left 
in respect to those of a woman’s and especially of a pregnant woman’s 
blood. 
Tann II. Percentage of oxygen | 


mm. curve No. 3 No. 4 No. 6 

10 11 14 19 16 

20 29 40 45 36 

30 57 66 70 59 

40 74 78... 82 75 

50 86 85 85 85 

60 92 89 90 90 
70 96 92 93 93 5 
80 99 95 95 95 f 
90 100 97 — — » 


The results obtained lead us to conclude that the dissociation curve 
of the woman’s blood undergoes certain definite changes during preg- | | 
nancy. These changes do not affect the shape of the curve. The curve 7 
may be obtained by a simple change in the horizontal scale of pressures. 
This leads us to suppose that the increased concentration of hydrogen 
ions in the maternal blood may be the cause of the changes. We are 0 
cognisant of the fact that the conditions in which we obtained the 1 
maternal blood (directly after parturition) are most unfavourable for the 1 
mother’s alkali reserve. 175 

Data given in the literature on the subject indicate, however, that 5 
the alkali reserve in the blood of a pregnant woman has already been 


7 2 * 2 
— 
2 
2 
> 
A 
. 
. 
* 
Kygen Maximum ; 
* Pressure woman’s 
7 
— 
4 
CUSSION 
; 
2 
tom 
i 
7 
* 


OXYGEN TRANSPORT DURING PREGNANCY 103 


considerably lowered some months before parturition [Losee and van 
Slyke, 1917; Weissmann-Netter, 1925; Keys on goats, 1934]. | 
We may suppose therefore that the variation in the maternal blood 
dissociation curve, which we have obtained, is brought about not only 
by the fluctuation during parturition of the alkali reserve in the mother’s | 
blood, but is the result of its steady lowering at the end of pregnancy. 
The dissociation curve of the foetal blood shows more pronounced 
variations. The curve is not only displaced to the left, but is more or less 


_ distinctly changed in shape. A change in shape of the foetal blood dis- 


sociation curve in the same direction was obtained by Barcroft [1934] 
on goats. 

The shape of the foetal curve leads us to suppose that not only are the 
conditions changed in which oxygen is taken up by hemoglobin in the 
blood of the foetus, but the hemoglobin itself is of a somewhat different 
nature. A so-called ‘foetal form of hemoglobin” was for the first time 
discovered in the blood of a human foetus by Krüger [1888, 1925, 1927]. 
Perrier and Janelli [1931] separated from the foetal blood a crystalline 
form of hemoglobin different from that of an adult person’s blood. 
Brinkmann et al. [1934] found in the blood of a human fœtus up to 
80 p.c. of a “foetal” form of hemoglobin with a “great alkali resistance 

The work of Kriiger and of Brinkmann was repeated by Hauro- 
witz [1935] and the same results were obtained. Haurowitz investi- 
gated also the oxygen binding properties by which foetal hemoglobin is 
characterized, but the data published by him are not sufficient for us to 
judge of the shape of the fœtal hemoglobin dissociation curve. The 
dissociation curve of pure foetal hemoglobin solutions on goats was 
investigated by McCarthy [1933] in Barcroft’s laboratory. The 
variations in the curve which he obtained were of the same character as 
those obtained by Barcroft and his collaborators with the blood. 
Hall [1934] obtained analogous results by a spectroscopical method on 
diluted solutions of chicken’s blood. 

Thus the presence of “foetal form of hemoglobin” in fœtal blood 
appears to be indubitable. Brinkmann et al. [1934] and Haurowitz 
[1935] suggest that there is a constant content of about 80 p. c. of this foetal 
form in the infant’s hemoglobin. The wide range of variation in the fetal 
dissociation curves which we have obtained lead us, however, to suppose 
that the foetal form of hemoglobin in the blood of the foetus before 
parturition has in different cases different qualitative amd, maybe, 
quantitative significance. 
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Part II. THe INFLUENCE OF HYDROGEN-ION CONCENTRATION ON 
THE TAKING UP OF OXYGEN BY THE HAMOGLOBIN IN THE FETAL 
AND MATERNAL BLOOD 


In Part I of this paper we have shown that at the same oxygen 
pressure, the percentage of saturation in the foetal blood is higher than 
in the maternal blood. We supposed that it is brought about by the 
presence of the “foetal” form of hsmoglobin in the blood of the fœtus. 
However, the nature of this process may be determined by the difference 
in hydrogen-ion concentration in the foetal and maternal blood at the 
same carbon dioxide pressure of 40 mm. We thought it necessary, there- 
fore, to investigate the taking up of oxygen by foetal and maternal blood 
at the same cH concentration. 

Haselhorst and Stromberger [1931] studied the relationship 
between the K of Hill’s formula and the hydrogen-ion concentration on 
the material furnished by four Cesarean operations. Their calculations 
were based on two not altogether well-grounded N 

(I) That Hill's formula 


(100- Y) 2" 
may be used with the same value for n for determining the dissociation 
curve of the mother and of the foetus, i. e. that the curves are of the same 
shape 

(2) That K of Hill’s formula has the same numerical value through- 
out the entire length of the dissociation curve. 

In the cases examined by Haselhorst and Stromberger the 
range was between 27 and 92 p.c. saturation. With regard to assump- 
tion (1), this does not agree with the experimental data. Concerning 
assumption (2), it is known that values of K in Hill’s formula can only 
be compared when they are calculated for a given percentage oxygen 


saturation, since the experimental points at the extreme ends of the 


curve give values of K appreciably different from those calculated from 

the experimental points in the middle of the curve. | 

3 The relationship obtained between cH and 1/K by Haselhorst and 
Strom berger agrees with the similar relationship obtained by Barcroft 

for an adult’s blood. 

Haselhorst and Stromberger came to the conclusion that at the 
same hydrogen-ion concentration the percentage saturation of hæmo- 
globin in the maternal blood is lower and that in the foetal blood it is 
higher at a given oxygen pressure than the percentage obtained for 
ordinary human blood at the same cH. 
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The insufficiency of experimental data and the wide variations in 
Haselhorst and Stromberger’s numerical data made it desirable to 
repeat the investigation of this question. . 


Method 


The K of Hill's formula is, as has already been mentioned, a variable 
magnitude for different percentage values of saturation. For calculating 
K for the foetal blood we are not justified in using the index n=2-2. 

Therefore we abandoned the calculation of K and studied the rela- 
tionship between cH and the percentage of oxygen saturation obtained 
directly in the experiment. 

About 3c.c. of blood were introduced into tonometers with gas 
mixtures containing oxygen at 30 mm. and carbon dioxide at different 
pressures. The tonometers were equilibrated in a water thermostat at 
38° C. From each tonometer two samples of blood were taken: (1) for 
determining the carbon dioxide content in van Slyke’s apparatus, and 
(2) for determining the percentage of oxygen saturation according to 
Barcroft’s technique. Haldane’s method was used for gas analysis. 
The data of whole blood analyses were used in plotting carbon dioxide 
dissociation curves for the calculation of the cH. Magnitudes corrected 
by the curves were employed for this calculation. 

The formula HCO, 

pH=pK + log = H,co, 
was used, pK being equal to 6-1. 

Van Slyke and Sendroy’s nomograms for human blood a (1928) were 

used for obtaining the corresponding values for the plasma. 


' Carbon dioxide dissociation curves 


We studied the carbon dioxide dissociation curves in the blood of 
thirteen healthy women. The blood was obtained from the arm vein. 

The ranges of individual variations and the average curves are shown 
in Fig. 4. 

The different state of the subjects from which blood was obtained 
(before or after taking food, after movement, etc.) might have caused 
certain variations in absolute values of alkali reserve. However, the 
variation range that we obtained exceeds only slightly that which can be 
found in the literature on human blood. 

Dissociation curves of carbon dioxide in foetal and maternal blood 
were investigated by us on eleven pregnant women and on six newborn 
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infants. The blood was obtained from the arm vein of the mother and 


from the umbilical cord immediately after parturition. It must, of course, 
be borne in mind that parturition may cause more or less considerable 
changes in the alkali reserve both of the mother and of the foetus. 
Therefore, we regard the ranges of variation in the carbon dioxide dis- 
sociation curves of foetal and maternal blood, given in Fig. 4, as only 
relative and as giving no true idea of the absolute magnitudes of the 
buffer values which exist in the circulating blood. However, the com- 
parison of our data with the data given in the literature [Losee and 
van Slyke, 1917; Williamson, 1923; Levy-Solal, Weissmann- 
Netter and Dalsace, 1926, on material obtained in Cesarean sections; 


50 
80 * 
8 . 


Fig. 4. CO, average dissociation curves of the blood of a non-pregnant woman (average of 
twelve experiments), of a fœtus (average of six experiments) and of a mother (eleven 
experiments), with the ranges of individual variations. 


Keys on goat, 1934] leads us to suppose that the lowering of the alkali 
reserve of the mother, which we have observed, is not a consequential 
result of parturition but is due to a steady variation of alkali reserve 
during pregnancy. Williamson [1923], Wiessmann-Netter [1925], 
Levy-Solal, Weissmann-Netter and Dalsace [1926] point out that 
the alkali reserve of the foetus at the time of parturition more or less 
considerably exceeds that of the mother. According to Keys in goats 
the alkali reserve of the foetus exceeds that of the mother by 22 p. c. 
According to our data the alkali reserve of the foetus lies in the same area 
as that of the mother and shows a considerable range of variation. 


The relationship between pCO, and percentage of oxygen saturation 
The relationship between pCO, and the percentage of saturation with 


oxygen was investigated on non-pregnant women in twelve cases, on 
pregnant women in eight cases, and on infants in six cases. 
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Results obtained are given in the form of curves in Fig. 5. | 
In our investigation the results entirely agree with those given in the 
first part of this paper. At any carbon dioxide pressure the oxygen 
saturation of the maternal blood is somewhat below and that of the 
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10 20 30 40 50 60 70 80 90 
CO, partial pressure in mm. Hg. 
Fig. ö. Relationship between the percentage O, saturation at 30 mm. O, and the CO, 


partial pressure. All experimental magnitudes obtained are shown in the figures. 
A, U and x denote data obtained in experiments of which the results differed very 
much from the average curve. All other data are denoted by @. 


foetus somewhat higher than the average values for a non-pregnant 
woman’s blood. The average curves giving the relationship between 
pCO, and percentage of oxygen saturation for the blood of non-pregnant 
and pregnant women are similar but the corresponding curves for the 
foetus are slightly different in shape (Fig. 6a). 
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Relationships between cH and percentage of oxygen saturation 


The relationship cH-percentage saturation was obtained on the blood 
of ten healthy women. 

The same relationship for foetal blood was obtained on the umbilical 
blood of six new-born infants. The range of variation and a comparison 
with the blood of an adult are given in Fig. 66. The results obtained 
permit us to conclude that the range of variation in the relationship 
between percentage oxygen saturation and cH for the foetal blood lies 
above the corresponding values for a woman’s blood. On the average 
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Fig. 6. a, Average curves of the relationship between the percentage O, saturation and 
pCO, for the blood of the foetus (——-), of a non-pregnant woman (--—--) and of a 
mother (.). b, Average curves of the relationship between the percentage satura- 
tion at 30 mm. O, and cH (with the ranges of variations) for the blood of a non- 
pregnant woman (, of a mother ( .) and of a foetus 9). 


foetal blood is saturated 15 p.c. higher than adult blood in the same cH 
conditions. The investigation of the relationship between cH-percentage 
saturation in maternal blood (eight cases) led us to rather unexpected 
results. 

At the same hydrogen-ion concentration of the blood, the percentage 
oxygen saturation in maternal blood is higher than that in a non-pregnant 
woman’s blood. The curve giving the relationship between cH and 
percentage saturation for maternal blood is 6 p.c. higher than the 


corresponding average for a non-pregnant woman’s blood. The curves 
are similar in shape. 
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sion 

With the condition of equal hydrogen-ion concentration the per- 
centage oxygen saturation in fœtal blood considerably exceeds that in 
adult blood. This coincides with the conclusions of McCarthy, who 
investigated on goats the dissociation curves of very pure solutions of 
foetal and maternal hemoglobin. He showed that at the same pH 
(about 6-8) the dissociation curve of foetal hemoglobin is always con- 
siderably displaced to the left in comparison with that of a normal goat. 

A dissociation curve lying higher and differing in shape from that of 
an adult leads us to suppose that the peculiar character of the oxyhemo- 
globin dissociation curve for fœtal blood is really brought about by the 
presence of a “foetal form” of hemoglobin in the blood of the foetus. 

With the mother it is different. At a given oxygen pressure and at 
the same cH values the percentage of saturation in maternal blood is 
higher than that of a non-pregnant woman’s blood. High dissociation 
curve as a characteristic of the human maternal blood has been pointed 
out by Haurowitz [1935] who worked on diluted solutions of hæmolysed 
blood of a definite pH. McCarthy [1933], with very pure goats hemo- 
globin solutions, and Hall, with very diluted solutions of chicken blood, 
did not, however, obtain the same result. It seems that the displacement 
of the maternal curve to the left is characteristic of human, but not of 
animal hemoglobin. The shape itself of the dissociation curve does not 
furnish any reason for supposing that some new type of hemoglobin is 
present in the blood of the mother. The work of Barcroft, Hill and 
their collaborators shows that the ionic structure of the corpuscle deter- 
mines the individual variations of K at one and the same cH. 

We are of the opinion that it is possible that during pregnancy a 
certain variation takes place in the ionic composition of the corpuscle 
which leads to an increased taking up of oxygen in maternal blood. A 
further investigation of this question is most necessary. On the other 
hand, the data in the literature on this subject and our own observations 
show that there is a steady lowering of the alkali reserve of the mother. 
At the same carbon dioxide pressure it leads to a low dissociation curve of 
the mother. Thus two processes tending to act in opposite directions are 
present in the blood of a pregnant woman. There is reason for thinking 
that the conditions created by a lowered alkali reserve are not com- 
pletely compensated by the increased oxygen carrying properties of the 
corpuscle. With the approximately equal magnitudes of carbon dioxide 
partial pressures on both sides of the placental barrier we must, therefore, 
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expect that the dissociation curve of hæmoglobin for maternal blood will 
be somewhat to the right of the dissociation curve of a non-pregnant 
woman. 

The biological advantages indicated by the position of the foetal and 
maternal dissociation curves may be illustrated by the following nu- 
merical example. Haselhorst and Stromberger have shown that the 
minimum difference of oxygen partial pressures observed between the 
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human foetal and maternal blood in the placenta is equal to 5 mm. and 
the maximum percentage oxygen saturation, of foetal blood which they 
have observed, is about 60 p.c. Bearing this in mind let us imagine that 
the dissociation curves of the foetus and of the mother are identical. 
With this condition 68 p.c. saturation in the maternal blood leaving the 
placenta corresponds to the 60 p.c. saturation in the foetal blood of the 
umbilical vein. The loss of oxygen per 100c.c. of maternal blood is 
therefore equal to 28 c.c. (96 p.c. arterial blood less 68 P. o. venous blood 
from the placenta) (Fig. 7 a). 

If, on the other hand, we take into e e the data furnished 
by the average dissociation curves for the foetal and maternal blood in 
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Part I of this paper, we shall see that with the same difference in pressure 
of 5mm. the oxygen saturation of maternal blood, corresponding to 
60 p.c. saturation of the foetal blood, is now only 50 p.c. instead of 
68 p.c. as before, and the loss of oxygen by the maternal blood in these 
conditions is now as high as 46 C. c. for 100 Cc. c. of blood (Fig. 7 b). 

To carry such an amount of oxygen in the conditions of our first 
assumption, 160 C. c. of blood and not 100 c. c. would be required, i. e. 
60 p.c. more. 

SUMMARY 


Part I 


1. The area of variation in the oxyhæmoglobin dissociation curve was. 
investigated in the blood of healthy women. The area of variation was 
found to be narrow. 

2. In the same conditions the dissociation curve for the blood of a 
pregnant woman is slightly displaced to the right, which may be accounted 
for by a possible increase of hydrogen-ion concentration. 

3. The dissociation curve of the foetal blood lies to the left of the 
dissociation curve of the blood of an adult and differs from it in shape. 
This difference is possibly brought about by the presence of “foetal” form 
of hemolgobin in the blood of the foetus. 


Part II 


1. With equal cH values the percentage of saturation of foetal blood 
is on the average 15 p.c. higher than that of the adult blood at the same 
O pressure. This is apparently caused by the presence of a different 
type of hemoglobin in the fetal blood. 

2. In the same conditions the percentage of oxygen saturation in 
maternal blood is on the average 6 p.c. higher than in the blood of a non- 
pregnant woman. We may suppose that it is brought about by the 
alteration of the ionic composition of the corpuscles during pregnancy. 

3. Such a variation of oxygen carrying properties of the maternal 
blood partially compensates the displacement of the dissociation curve to 
the right caused by the lowering of the alkali reserve during pregnancy. 


This work was suggested by Prof. A. Ginezinsky. We wish to thank him for his 
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FORMATION OF GLYCOGEN IN THE LIVER OF 
ANASTHETIZED CATS WITH NOTES ON 
SPECIFIC DYNAMIC ACTION 


By CHARLES REID 


(From the Department of Physiology and Biochemistry, 
University College, London) 


(Received December 20, 1935) 


In the study of glycogenesis in the liver, the use of anzsthetics has been 
condemned by many workers because the glycogen of the liver decreased 
during anzsthesia. In spite of this drawback non-volatile anzsthetics 
may have a limited range of usefulness. The present investigation deals 
with the behaviour of glycogen in the livers of cats under chloralose when 
some possible sources of glycogen, carbohydrate and cau 
are given slowly into a vein. 
Mxrnons 


(1) Experimental 


Cats, fasted for 48 hours, were anesthetized by giving an intra- 
peritoneal injection of 0-08 g. chloralose per kg. body weight. The in- 
duotion period should be quiet and free from muscular movements. 
Alfter aneesthetization it is important to maintain the rectal temperature 
of the cats at about 38° C. [Reid, 1935]. 

The behaviour of liver glycogen was studied during and after the 
administration of the following substances: glucose, lactic acid (boiled 
previously to hydrolyse anhydride), glycerol, propionic acid, alanine, 
amino-acetic acid, glutamic acid and aspartic acid. Solutions of these 
were filtered before use and injected slowly into the femoral vein or the 
infusion apparatus of Burn and Dale [1924]. 

The periods before, during and after infusion are referred to as the 
initial, infusion and post-infusion periods respectively. 

Carotid blood and liver samples (by the method of Evans, Tsai and 
Young [1931 ah) were taken at the end of each of these periods. 
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A glass cannula with rubber tubing and clip was tied through the 
proximal part of the urethra into the bladder, which was emptied and 
washed out with 0-9 p.c. NaCl about 1-5 hours after anesthetization. 
Subsequently samples of urine were obtained after the blood samples and 
kept for analysis. | 

Blood-pressure readings were taken occasionally during each experi- 
ment, 

The liver was weighed at the end, and, in some experiments, the 
heart was excised and its glycogen content determined. 


(2) Chemical 

The following determinations were made as far as possible in duplicate: 

(1) Blood: glucose—Hagedorn and Jensen [1923]; lactic acid 
Friedmann, Cotonio and Shaffer [1927]; amino-N—F olin [1922]. 

(2) Urine: glucose—Benedict [1911]; lactic acid—as for blood; 
inorganic sulphate—Fiske’s [1921] modification of the method of 
Rosenheim and Drummond [1914]; urea—urease tablets (B.D.H. 
Ltd.). | 

(3) Liver: glycogen—Evans, Tsai and Young [1931 a]; water 
content—drying at 100° C. to constant weight. 

As the variations in water content were small, it was not considered 
necessary to allow for this in the calculation of the percentage of glycogen. 


RESULTS 
(i) Glucose and lactic acid 


Twenty p.c. glucose was given during a 2-hour infusion period so that 
2-0 g. per kg. were given in four and 1-5 g. per kg. in two experiments. 
Lactic acid, neutralized with NaOH to phenol red, was given in doses of 
1-0-1-5 g. per kg. in six experiments, but the infusion period lasted 5 
hours, as it was inadvisable to give lactic acid as rapidly as glucose. 
The results, showing the yield of liver glycogen, are set out below 
(Table I). Increases in glycogen were recorded in each experiment, while 
controls showed continuous decreases of about 0-1 p.c. per hour. 


Tann I, Infusion of glucose or lactic acid into a vein: averages from 


six experiments in each group. 
: Liver glycogen p.c. 
Retained per r A . Liver wt 
kg. body wt. Hour... Initial 2-5 5-0 g. 
Glucose 1-32 g. 0-98 1-51 185 58 
Lactic acid 148 g. 0-98 1-83 1-39 60 
Controls 1-12 0-82 0-60 57 
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(2) Glycerol 

Glycerol, 1:5 g. per kg., was given as a 10 p.c. solution in three 
experiments during an infusion lasting 2 hours. Continuous increases in 
liver glycogen were recorded in each experiment. Blood glucose increased 
by 0-06-0-09 p. o. in two experiments but not in the third, which showed 
the largest rise in liver glycogen. Blood lactic acid rose by nearly 
0-01 p.c. at the end of the experiment. This might be due to formation 
of lactic acid from glyceric aldehyde. 


13, xi. 34. Short protocol of cat No. 136: wt. 2-6 kg.; given glycerol 1-5 g, per kg. intra- 
venously, 

Hour 

09.30 Chloralose 0-2 g. 

11.30 Blood glucose 88 mg. per 100 c. o.; liver glycogen 2-38 p.c. 
12.03-14.15 Glycerol 3-9 g. 
11.05-12.55 Sulphate excretion 1-81 mg. per hour. 

14.20 Blood glucose 83 mg. per 100 c.c.; liver glycogen 2-85 p. c. 

14.55 Sulphate excretion 2-06 mg. per hour. 

16.00 Blood glucose 93 mg. 


7 110 mg. Hg. 
16.03 Sulphate excretion 2-22 mg. per hour. 


(3) Propionic acid 
From a few experiments in which propionic acid, neutralized, was 
given slowly into a vein, it was concluded that conversion of propionic 
acid to glycogen in the liver was not sufficiently rapid to be shown 
unequivocally in our anesthetized cats. In one experiinent, cat No. 196, 
for example, the glycogen of the liver fell slowly from 2-65 to 2-48 p.c. 
in 5 hours e the infusion of propionic acid. 


(4) Amino acids 


Alanine, amino-acetic acid, glutamic acid and aspartic acid, 1-5- 
2-0 g. per kg., were given in 10 p.c. solution. As the last two are not very 
soluble, NH,OH or NaOH was added until complete solution was 
obtained. 


Alanine. 


In ten experiments with alanine, four an, continuous increases in 
liver glycogen, four a fall followed by a significant rise, one a stationary 
level and one a continuous decrease. The increases were substantial, and, 
as controls showed continuous decreases, they are taken as significant. 

Blood glucose rose by about 0-05 p.c. and blood lactic acid, which had 
risen to between 0-03 and 0-04 p.c. at the end of the infusion, fell in 
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3 hours nearly to the initial level. The large increase in the blood lactic 
acid may indicate the conversion of alanine to lactic acid and other sub- 
stances, ¢.g. pyruvic acid, which are estimated as lactic acid. In the 
experiments with amino-acetic acid the increase in the blood lactic acid 
was small and of doubtful significance. Since its specific dynamic action 
is of the same order as that of alanine [Rapport and Beard, 1927], 
it is unlikely that the increased lactic acid of the blood with alanine is 
derived from the muscles. 

About 5 p.c. only of the alanine was excreted in the urine from the 
commencement to 3 hours after the infusion period. e 


3. x. 34. Short protocol of cat No. 120: wt. 2-8 kg.; given alanine 2 g. per kg. intra- 
Hour 
09.30 Chhloralose 0-21 g. | 
12.00 Blood sample: glucose 96 mg. per 100 c.c.; amino-N 12 mg. per 100 c.c.; 
lactic acid 16 mg. per 100 c.c.; liver glycogen 1-21 p.c. 
12.20-15.20 Alanine 5-6 g. 
10.48-12.48 Sulphate excretion 1-68 mg. per hour. 
15.30 Sulphate excretion 2-18 mg. per hour. 
15.30 Blood sample: glucose 134 mg. per 100 c.c.; OO Oe 
lactic acid 38 mg. a 
16.50 Blood pressure 115 mm. Hg. 
17.45 Sulphate excretion 2-22 mg. per hour. 
18.00 Blood sample: glucose 147 mg. per 100 c.c.; amino-N 19 mg. per 100 e. o.; 
: lactic acid 15 mg. per 100 c.c.; liver glycogen 1-75 p. c. : 


Amino-acetic acid. 

In seventeen out of nineteen experiments with amino-acetic acid, 
liver glycogen decreased rapidly during the infusion period, but increased 
very slowly during the post-infusion period in fourteen of these. Con- 
tinuous increases were recorded in two experiments only. 


2. x. 34. Short protocol of cat No. 131: wt. 2:3 Kg.; given amino-acetic acid 1-5 g. per kg. 
Hour 

09.30 Chloralose 0-18 g. 

13.00 Blood sample: glucose 82 mg. per 100 C. c.; amino-N 16 mg. per 100 c.c.; 


lactic acid 11 mg. ee 
13.12-15.55 Amino-acetic acid 3-45 g. 


10,40-13.20 Sulphate excretion 1-20 mg. per hour. 
16.00 Blood sample: glucose 121 mg. per 100 c. o.; - amino-N 30 mg. per 100 c.c.; 
lactic acid 18 mg. per 100 c.c.; liver glycogen 0-30 p. o. 
16.20 | Sulphate excretion 1-59 mg. per hour. 
18.20 Blood sample: glucose 109 mg. per 100 0. e.; amino-N 18 mg. per 100 C. c.; 
lactic acid 11 mg. per 100 b. o.; liver glycogen 0-46 p.c.; blood pressure 
85 mm. Hg. 
18.25 n per hour. 
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Blood glucose rose during the infusion when glycogenolysis was rapid, 
but fell after the infusion was stopped. The behaviour of the amino-N 
of the blood and the urine was on the whole similar to that found for 

When amino-acetic acid was given by slow infusion into the upper 


jejunum, the results confirmed those obtained by the intravenous route. 
~ Glutamic acid and aspartic acid. 


On the whole, liver glycogen decreased more rapidly he the NH, or 
Na salts of these amino acids were given than in controls with one 
exception. Evidently these amino acids are not readily available in the 
course of a few hours for conversion to glycogen in the liver of anws- 
thetized cats. 

The blood glucose increased in all the 
with aspartic acid but not with glutamic acid. In contrast to alanine and 
amino-acetic acid, the amino-N of the blood decreased only slowly after 
the infusion was stopped. ) 
Discussion 

Glucose and formation of glycogen in the liver 


Some workers maintain that failure to show that the hepatic inflowing 
blood contained more glucose than the outflowing during deposition of 
glycogen, when glucose was given, is a point against the direct formation 
of liver glycogen from glucose. In recent investigations [Evans, Tsai 
and Young, 19316; Tsai and Yi, 1934 ö] the source of regenerated liver 
glycogen after decapitation, etc., in the cat was not glucose, but the 
further conclusion of Tsai and Yi [1934 a] that the liver did not form 
glycogen from glucose is based on their failure to show a higher percen- 
tage of glucose in the inflowing hepatic blood. When our anesthetized 
cats were given large amounts of glucose, the largest average increase in 
liver glycogen was 0-44 p.c. per hour. If the hourly circulation through 
the liver weighing 60-75 g. is about 4 litres [see Tsai and Yi, 1934 ö, the 
difference in the glucose content of nearly simultaneous samples of the 
inflowing and outflowing blood of the liver during glycogen deposition of 
this order must be small, and might be lessened or reversed by the 
addition of glucose to the outflowing blood from glycogen formed from 
other sources or by accidental manipulation of the liver. In a recent 
paper which appeared while we were investigating the glucose content 
of blood going to and coming from the liver, Tsai and Yi [1935] claim 
that, during absorption of glucose from the cat’s intestine and the con- 
comitant deposition of glycogen in the liver, slightly more glucose passed 
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into than out of the liver. Their observation cannot be taken as con- 
clusive. The small difference might merely show utilization of glucose by 
the liver for purposes other than the formation of glycogen. 

Indirect evidence from the present investigation is suggestive. From 
the nitrogen excreted in the urine during and after the infusion of glucose, 
the glucose which could be derived from protein metabolism was cal- 
culated and found to be less than the glycogen as glucose laid down in the 
liver, notwithstanding the raised N excretion during the diuresis ade to 
the infusion. 

It is also of interest to note from other experimental records that in 
cats under chloralose the highest average increase in liver glycogen per 
hour was 0-44 p.c. when glucose, a protein sparer, was given and 0-47 p.c. 
for lactic acid, which is not a direct protein sparer. 


Tie behaviour of liver glycogen in relation to specific dynamic action 
and protein sparing action 
Evidence as to the substances used in this investigation which acted 
as protein sparers is obtained by reference to Table II, which shows the 
excretion of urea-N and sulphate during the experimental period. In 


Tan II. Excretion of urea-N and sulphate. Chloralose at 0 hour; A=initial period 
(1-5-3-5 hours); B= infusion period; C = post-infusion period. 


Urea-N mg. per hour Sulphate mg. per hour 
Experiments (No.) A B O A B C 
Controls (3) 20 48 32 1-70 1-50 1-42 
*Controls (2) 42 39 38 1-57 1-40 1-42 
Glucose (5 25 48 20 1-87 1-26 1-27 — 
Lactic (2) 39 80 55 1-33 1-30 1-29 
Glycerol (3) 48 62 37 2-04 2-42 1-93 
Alanine (10) 29 80 88 1-68 1-80 1-97 
Amino-acetic acid (19) 26 70 68 1-70 2-13 1-82 
Glutamic acid (5) 26 19 16 1-65 1-14 1-47 
Aspartic acid (3) 30 25 22 2-09 1-13 1-84 
Ammonia 52 49 60 2-07 1-67 2-55 


No infusion of NaCl given. 


controls not given an infusion the excretion of urea decreased slightly 
under chloralose, but increased in controls receiving an infusion of NaCl. 
On the other hand, the rate of excretion of sulphate was not unduly 
disturbed in these two series of controls but decreased 10 p.c. approxi- 
mately subsequent to the initial periods. Accordingly, the rate of 
excretion of the latter has been taken as indicating the rate of protein 
metabolism when different substances were given, provided these were 
sulphur-free. The propriety of doing so is afforded further support by 
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the behaviour of the excretion of sulphate which increased when the 
body temperature of fasting ansesthetized cats rose above and decreased 
when it fell below 38° C. [Reid, 1935]. 

From Table II it is seen that glucose spared protein but neither 
lactic acid nor glycerol did so directly. Nevertheless, formation of 
glycogen in the liver occurred from all of these substances. 

With regard to the specific dynamic action of the amino acids tried, 
the complete data of the individual experiments showed that the pos- 
session of a considerable carbohydrate store, as represented for example 
by a glycogen content in the liver of 2-4 p.c., prevented a rise in the 
excretion of sulphate. On the other hand, if the glycogen store was low, 
the excretion of sulphate was significantly increased by the administration 
of both alanine and amino-acetic acid. Further, deposition of glycogen 
in the liver was readily shown after alanine, but not from amino-acetic 
acid. On these grounds, therefore, an accurate comparison between the 
intensity of their specific dynamic effects was not possible from the data 
of the excretion of sulphate. 

Ringer and Lusk [1910] claimed both bald and 
alanine were completely converted into glucose in the phlorrhizinized 
dog, and Rapport and Beard [1927] showed that their specific dynamic 
action per molecule was of the same order. In our experiments formation 
of glycogen occurred when alanine was given, but during the admini- 
stration of amino-acetic acid a rapid fall in liver glycogen occurred. 
Such a result appears surprising in view of the metabolic paths suggested 
by Ringer and Lusk. Cori and Cori [1935] wrote that “it would 
appear that only such amino acids as contain or can break up into odd- 
numbered carbon chains can yield glucose and that amino-acetic acid 
seems to be an exception to this rule”. It is of interest to observe, 
however, that Ringer and Lusk [1910], confirmed by Milhorat and 
Deuel [1926-7], have shown that acetic acid cannot be transformed into 
glucose in the phlorrhizinized dog. | 

Glutamic and aspartic acids, given as the NH, or Na salts, diminished 
the excretion of urea N and of sulphate (Table II). In regard to this 
finding it may be noted that Abderhalden [1912], showed that 
ammonium salts, when given with non-protein foodstuffs, greatly re- 
duced protein metabolism without establishing nitrogenous equilibrium. 
In the post-infusion period the excretion of sulphate rose to or above the 
original rate, but the excretion of urea continued low especially when 
NH,OH was used. The slow infusion of a 2 p.c. solution of NH,OH 
resulted in decreased excretion of sulphate and little change in the urea 
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excretion during the experimental period, but the implications of this 
and the preceding findings require further elucidation. 

Notwithstanding these effects on the excretion of nitrogen by the 
administration of the salts of glutamic or aspartic acid, formation of 
glycogen in the liver was not shown in our fasted anesthetized animals. 


SuMMARY 


1. The usefulness of a non-volatile anwsthetic, chloralose, in the study 
of glycogenesis in the liver of the cat has been examined, and it has been 
shown that formation of glycogen in the liver from certain substances, 
if not unaffected by chloralose anzsthesia, is not thereby prevented. 

2. Formation of glycogen in the liver occurred when glucose, lactic 
acid, glycerol or alanine was slowly infused into a vein; propionic, 
glutamic and aspartic acids did not increase the glycogen content of the 
liver during our experimental periods in anesthetized cats, while amino- 
_acetic acid infusion caused a decided fall, much greater than that shown 

by controls. 

3. No correlation has been found between the ability of n amino 
acid to increase metabolism and its power to cause the deposition of 
glycogen in the liver. 


I have pleasure in expressing my indebtedness to Prof. C. Lovatt Evans for his 
preceding work. 
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Tun effect of insulin on glycogen storage in the liver has been studied by 


many workers. Cori [1931] and Macleod [1934] have given an adequate 


review of the relevant literature. Recently, Cope and Corkill [1934], 
in a paper which appeared while the experiments in this paper were in 
progress, showed that the increase in liver glycogen when insulin was 
given to young fasting rabbits involved the cooperation of adrenaline, 
secreted in response to insulin hypoglycemia, Our results for anssthe- 
tized cats, however, appear to justify the a of a different point 


of view. 
METHODS 


It was shown by Reid [1936] that cats under chloralose were suitable 
subjects for showing deposition of glycogen in the liver from certain 
precursors. In this investigation cats, fasted for 48 hours, were used 
throughout and were subjected to the same treatment before use, e.. 
method of anwsthetization, blood, liver and urine sampling and analyses, 
method of infusion into a vein, etc., as described in the above paper, but 
blood glucose was determined by the Shaffer-Hartman method. The 
duration of the initial, infusion and post-infusion periods was about 
2 hours each, unless stated to be otherwise. 


RESULTS 
Insulin and liver glycogen in normal cats 
Insulin was given to nine cats by slow infusion into a vein for 2 hours 


in amount varying from 0-07 to 0-28 unit per kg. per hour. The results 
are shown in Table I. 
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Tann I. Behaviour of liver glycogen under insulin in normal cats. (1), (2), (3) samples 
at end of initial, infusion and post-infusion periods respectively. 


Blood glucose 
a mg. per 100 c.c. Liver glycogen p.c. 
Cat per hour (1) (2) (3) (1). (2) (3) 
191 0-07 72 24 — 1-54 1-08 — 
190 0-09 100 40 55 0-18 — 0-30 0-07 
184 0-10 176 58 90 1-57 1-88 0-60 
177 0-11 119 22 24 1-88 2-06 1-03 
189 0-11 102 43 66 2-00 1-75 0-17 
193 0-13 90 20 49 2-82 2-37 
168 0-13 153 82 100 0-42 0-62 0-21 
0-23 22 26 0-30 0-37 
215 0-26 123 27 22 2-06 1-98 1-40 
216 0-28 82 38 41 2-03 2-07 0-68 
191* 0-05 72 16 — 1-54 0-54 — 


* Infusion period of 3-75 hours. 


Two factors apparently affect the behaviour of liver glycogen during 


the 2-hour period: (1) the size of the dose of insulin, (2) the initial blood 
glucose concentration. With the larger doses or with an initial blood 
glucose of over 100 mg. per 100 C. c., liver glycogen remained stationary 
or increased slightly; with smaller doses (sufficient also to produce hypo- 


glycemia) and with an initial normal blood glucose, liver glycogen 


decreased. Controls, however, showed a fall in liver glycogen of about the 
same order. The blood lactic acid remained throughout within normal 
limits, viz. 5-10 mg. per 100 c.c. 

In other experiments in which the infusion of insulin lasted for more 
than 2 hours, liver glycogen had fallen definitely at the end of the 
infusion period. 

Although the severe hypoglycemia induced in nearly all experiments 
lasted for several hours during the infusion and post-infusion periods, it 
was not accompanied by convulsions and did not result in any obvious 

deterioration of the condition of the animals. Occasionally towards the 
end of an infusion period fibrillary twitchings were seen in the skeletal 
muscles and were taken as a sign for discontinuing insulin. 

In order to confirm that a raised initial blood glucose was a 8 in 
determining the behaviour of liver glycogen during the infusion of insulin, 
a small amount of glucose, 0-2 g. per kg., was injected by a syringe into a 
vein so that the infusion of insulin was begun 15 min. later in some and 
2 hours later in other experiments, while the blood glucose was still 
above the normal fasting level. In this way it was confirmed that a 
raised blood glucose was a factor in determining a rise in liver glycogen 
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under insulin, but apparently the additional insulin was not more effective 
in causing glycogen storage in these animals. | 


27. vi. 35. Short protocol of cat No. 200: wt. 3-1 kg. 


09.35 Chloralose 0-24 g. 

12.15 Liver glycogen 0-73 p. o. 

12.40 Glucose 0-2 g. per kg. 

13.00 Blood glucose 182 mg. per 100 0. c. 

14.45 Blood glucose 146 mg. per 100 0. o.; liver glycogen 0-93 p. o. 
18.00-17.10 Insulin given 0-2 unit per kg. 

17.15 Blood glucose 65 mg. per 100 0. o.; liver glycogen 1-14 p. o. 

In a third series of experiments on normal cats, an attempt was made 
by infusing glucose and insulin together to increase the rate of glycogen 
storage above the maximum found for anesthetized cats given glucose 
only [Reid, 1936]. Although these experiments were not successful in 
demonstrating an increased rate of deposition, since it was likely that the 
maximal rate of increase had already been attained in the experiments 
with glucose alone, they showed that glycogen storage was not improved 
under chloralose by giving additional insulin. 


Insulin and liver glycogen in cats adrenalectomized or 
deprived of their adrenal medullas 

Two groups of cats were studied: (1) a group of five cats in which the 
adrenals were tied off and removed after aneesthetization with chloralose, 
(2) a group of four cats in which the adrenal medullas were destroyed by 
thermo-cautery by two-stage operation with intervals of at least 2 — 
between operations and before use. 

In the former group it was not always possible to avoid a rise in 
blood glucose, but the period before the infusion of insulin was never 
less than 3 hours. The animals of the latter group were not used unless 
their weight records showed that they were thriving. Their glands were 
examined later by serial sections to confirm the absence of functioning 
medullary tissue. 

From Table II it is evident that the behaviour of the liver glycogen was 
on the whole similar to that in the series of intact animals in Table I. The 
blood lactic acid again remained within normal limits in all experiments. 

In order to raise the blood glucose, as was done for normal cats, 
glucose, 0-2 g. per kg. and followed later by insulin, was given to four 
cats, adrenalectomized or with their medullas destroyed at previous 
operations. These experiments merely confirmed the findings of similar 
procedures in normal cats. 
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medullas. (1), (2), (3)=samples at end of initial, infusion and ee periods 


Blood Liver glycogen 
Insulin unit mg. per 100 c. o p.c 
per kg — A A . Nature of 
Cat per hour (1) (2) (3) (1) (2) ( preparation 
185 0-05 172 66 44 167 1.57 060 A. A. 
20⁵ 0-07 101 66 103 169 0˙43 M. M. 
186 0-10 142 52 — 028 047 — A. A. 
206 0-11 108 38 — 1:35 1-29 — M. M. 
181 0-15 102 16 — 075 0-85 — A. A. 
180 0-16 88 28 14 105 132 0-69 A.A. 
0-18 104 50 — 0-22 0-28 — M. M. 
182 0-19 162 92 091 110 081 A. A. 
0-28 88 27 19 O11 OFM 0-12 M. M. 
A. A. =adrenalectomized; M. M. adrenal medullas destroyed. 


The behaviour of liver glycogen and blood glucose in the 
| post-infusion period after insulin 

_ Shortly after the infusion of insulin was stopped, the glycogen of the 
liver fell quickly in both intact and adrenalectomized cats. The rate of 
fall lay between 0-5 and 1-0 p.c. per hour for the former and 0-3 and 
0-7 p.c. per hour for the latter group, provided the store of glycogen was 
sufficient to allow this, The blood glucose rose slowly in normal cats by 
about 5-10 mg. per 100 c.c. per hour, but the blood glucose showed 
usually no tendency to rise in the other group despite the —— in 
glycogen. 

Preliminary discussion 


From the results detailed in Tables I and II, it may rightly be 
claimed that additional insulin, given in 2 hours to fasting cats which 
were normal or deprived of their adrenal medullas, had little or no effect 
on the storage of glycogen in the liver. If the period of infusion was 
prolonged to nearly 4 hours, as was done in some experiments, e.g. cat 
No. 191, Table I, liver glycogen decreased. The similarity of the be- 
haviour of glycogen in both groups of cats, normal or deprived of their 
adrenal medullas, is not surprising in view of the quiet anesthesia 
obtained which, in addition, would largely inhibit the usual reactions of 
the non- anæsthetized animal to hypoglycemia. 

The rapid fall in liver glycogen after insulin was stopped can depend, 
in part only, on adrenaline, and suggests that “secretion” of glucose by 
the liver is slowed during insulinemia. It does not appear to be sup- 
pressed entirely, since it occurs during the infusion of a small dose of 
insulin which was adequate, nevertheless, to produce hypoglycemia. 
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The above suggestion must be reviewed in the light of subsequent 
experiments dealing with the influence of insulin on the relation between 
carbohydrate and protein metabolism. 


Insulin and the interrelation of carbohydrate and protein metabolism 

It is well known that carbohydrate is a sparer of the body proteins. 
This holds good for normal cats under chloralose [Reid, 1936], and, as 
shown in Table III, for cats deprived of their adrenal medullas. To deter- 
mine if glucose acted as a protein sparer in the absence of the pancreas, 
several cats were depancreatized shortly after the induction of chloralose 
anesthesia. This operation could be carried out rapidly and without 
raising the blood glucose. After an interval of 3 hours, glucose, 2-0 g. 
per kg., was injected slowly into a vein during 2 hours, and the effect on 
the excretion of sulphate noted during the infusion and post-infusion 
periods. Control experiments were also done. 


Taste III. The relation of glucose to the ti ead 
cats. (1), (2), (3)= -initial, infusion and post-infusion periods respectively. 
Excretion of sulphate 
Cat (1) (2) (3) Nature of experiment 
135 2-47 2-26 2-23 Normal: control 
195 1-37 1-25 1-44 Depancreatized: control 
141 2 1-45 1-82 Normal: glucose 
164 1-91 2-08 1-93 Depancreatized: glucose 
165 1:16 1-10 1-14 Depancreatized: glucose 
194 1-48 0-80 1-05 Normal: glucose + insulin 
166 1-35 0-70 ' Depancreatized: glucose + insulin 
206 2-30 1-52 Adrenalectomized: glucose 
208 1-33 0-70 1-20 Adrenalectomized: glucose + insulin 


It has already been shown that variations in the rate of excretion of 
sulphate in the fasting cats will indicate approximately variations in the 
catabolism of protein [see Reid, 1935 and 1936]. By comparing the 
results in Table III from a depäncreatized control and normal depan- 
creatized animals given glucose, it is clear that the organism failed to use 
glucose as a sparer of the body proteins soon after pancreatectomy. In 
support of this finding of the early disturbance of metabolism after 
pancreatectomy, Hédon and Giraud [1920] had shown that subsequent 
removal of the transplanted uncinate process of the pancreas after excision 
of the rest of the gland was soon followed by a rise in blood glucose. 

The behaviour of the excretion of sulphate during the infusion of 
insulin appeared to be related to the initial blood glucose concentration 
(Table IV); (1) if the blood glucose was above 100 mg. per 100 c.c., the 
excretion of sulphate decreased and therefore the metabolism of — 
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1 Behaviour of blood glucose, liver glycogen and excretion of sulphate 
during and after a slow infusion of insulin lasting 2 hours. Group A =averages 
from four cats with an initial blood glucose of from 123 to 176mg. per 100 0. o. 
Group B =averages from six cats with an initial blood glucose of from 72 to 100 mg. 
per 100 0.0. (1), (2), (3)=samples at end of initial, infusion and post-infusion periods 
respectively. 


Blood glucose Liver glycogen Excretion of sulphate 
mg. per 100 c.c. p. o. mg. per hour f 


Grup (1) @) @ @ 

A 158 60 62 16565 162 065 186 1651 1-33 

B 88 32 38 1:32 127 0-42 168 213 1-99 
decreased at the expense of the circulating glucose; (2) if the blood 
glucose was below 100 mg, per 100 c.c., the excretion of sulphate was 
increased, Presumably, the period of decreased excretion would be short 
and masked by the increased excretion of sulphate when the blood 
glucose fell to 20-40 mg. per 100 c.c. Evidently during the maintenance 
of hypoglycemia by insulin in anzsthetized cats increased oxidation of 
protein occurred. After the infusion of insulin was stopped, glycogeno- 
lysis in the liver was rapid and the excretion of sulphate decreased as a 
rule. If, however, the store of glycogen was initially low, this decrease 
was not observed during our post-infusion period. 


Glycogen storage in the livers of depancreatized cats 
Some of the depancreatized cats mentioned in the previous section 
were tested for glycogen storage when glucose was given slowly into a 
vein. It was established that glycogen storage definitely occurred, but 
the number of experiments did not justify a comparison with normal 
cats. The following protocol illustrates the occurrence of glycogen storage 
in a depancreatized cat when glucose was given and also that glucose did 
not cause the usual fall in the excretion of sulphate as seen in normal 
cats. Presumably, the tissues must hgve contained ss or no insulin 
at the beginning of the infusion of glucose. 
22. ii, 36 Short protocol of cat No, 165: wt. 1-7 Kg.; depancreatized and given glucose. 
Hour 


09.45 Chloralose 0-14 g. 
10.00-10.20 Pancreatectomy. 


13.00 Blood glucose 97 mg. e e 
hour. 


per 

13.15-15.35 Glucose 2 g. per kg. 

15.40 Blod 690 me. pr 100. liver glycogen 224 pc. 210 mg. 
per hour. 

18.00 Blood glucose 250 mg. per 100 0. o.; liver glycogen 2-29 p. o.; sulphate 2-10 mg. 
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Discussion 


If glucose is given to a normal animal or one deprived of its adrenal 
medullas (Table III), insulin from the pancreas is necessary in order to 
replace partly the protein metabolism of fasting by the metabolism of 
carbohydrate. There still remains, however, to try to explain the relation 
of insulin to glycogen storage in the liver. It is clear from the results 
detailed in this paper and those of other workers that additional insulin, 
given by slow infusion to a normal anesthetized animal in sufficient 
amount to produce hypoglycemia in the course of 2 hours, does not 
increase or decrease very significantly the store of glycogen in the liver. 
In our experiments some of the complications, e.g. convulsions, intro- 
duced by the effects of hypoglycemia on the nervous system of the non- 
antesthetized animal, are avoided. 

Shortly after the infusion of insulin was stopped, glycogenolysis 
in the liver was rapid (Tables I and II). Moreover, it is clear from 
Table III, cat No. 166, depancreatized and given insulin + glucose, that 
sufficient insulin remained in the tissues in the post-infusion period to 
ensure the protein-sparing action of carbohydrate. The apparent in- 
hibition of glycogenolysis in the liver during the period of infusion may 
not be a true inhibition. It may simply mean that the liver cells under 
the influence of additional insulin will use glucose preferentially for 
their energy requirements and glycogen precursors, not required for 
this purpose, would tend to maintain the store of liver glycogen in our 
insulin-treated animals under chloralose anssthesia, during which de- 
pletion of the glycogen store occurs at the rate of about 0-1-0-2 p. c. per 
hour in normal controls. 

Cruickshank [1914] and Fisher and Lackey [1925] have reported 
a low glycogen content in the livers of fasted and fed dogs, depancrea- 
tized a few days previously. It is well known also that insulin restores 
glycogen storage in the livers of depancreatized animals. This finding is 
understandable in terms of the restoration by insulin of normal meta- 
bolism whereby carbohydrate can again be used to spare the metabolism 
of protein. It should be noted, however, that within a few hours after 
pancreatectomy (protocol of cat No. 165) liver glycogen increased when 
glucose was given at a time when apparently insufficient insulin remained 
to ensure the protein-sparing action of glucose. Previously Evans, 
Tsai and Young [1931] found that regeneration of liver glycogen 
occurred in the decapitate acute depancreatized cat but not in the de- 
capitate chronic depancreatized animal. 
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No examination has been made of the effect on the metabolism of fat 
by the different experiments dealt with in this paper, but this problem 
requires different methods of examination. 8 


SuMMARY 


The relation of additional insulin to the storage of glycogen in the 
liver has been investigated in fasting anzesthetized cats which were normal 
or deprived of their adrenal medullas. 

With regard to the above, the anesthetized animal deprived of its 
adrenal medulla behaved in a manner similar to the intact anzsthetized 
animal. 

In agreement with the work of others, it has been shown that the 
deposition of liver glycogen in the intact animal given glucose is not 
further increased by giving additional insulin. 

Within 5 hours after pancreatectomy, glucose ‘ceased to act as a 
protein-sparer, but glycogen storage can occur during infusion of glucose. 
The power to spare protein is restored by insulin. 

The application of the preceding finding to the storage of liver glyco- 
gen has been shortly discussed. 


It gives me great pleasure to acknowledge my indebtedness to Prof. C. Lovatt Evans 
for his continued interest in my work and to express my thanks to the Government Grants 


Committee of the Royal Society for helping to defray the expenses of this investigation. 


REFERENCES 
Cope, O. and Corkill, A. B. (1934). J. Physiol. 82, 407. 
Cori, C. F. (1931). Physiol. Rev. 9, 143. 
Cruickshank, E. W. H. (1913). J. Physiol. 47, 1. 
Evans, C. L., Tsai, C. and Young, F. G. (1931). Ibid. 73, 81. 
Fisher, N. F. and Lackey, R. W. (1925). Amer. J. Physiol. 72, 43. 
Hédon, E. and Giraud, G. (1920). C. R. Soc. Biol., Paris, 183, 332. 
Macleod, J. J. R. (1934). Bull. Johns Hopkins Hosp. 1 5 
Reid, C. (1935). J. Physiol. 84, 40 P. 
Reid, C. (1936). bid. 87, 113. 


* 1 
2 
7 
7 
7 
‘a 
* 
— 
= 
x 
* 
8 
E 
‘ 
are” 


129 


612. 463:612. 492. 8 


THE INFLUENCE OF SALT SATURATION UPON THE 
| URINARY RESPONSE TO PITUITARY 
(POSTERIOR LOBE) EXTRACT 


By K. I. MELVILLE 
(Department of Pharmacology, McGill University, Montreal, Canada) 
(Received December 30, 1935) 


FoLLOWING an injection of pituitary (posterior lobe) extract, the rate of 
urine secretion may be either diminished (antidiuresis) or increased 
(diuresis). It is still a matter of doubt, however, whether these two effects 
result from two distinct actions in the body, or whether they are simply 
expressions of a single but regulatory like effect upon water metabolism, 
whereby, as existing conditions in the organism vary, the response 
obtained is the one or the other. 

In general, it has been observed that the urinary output decreases 
after injections of the extract when the initial rate of secretion is high and 
the salt excretion low, such as in conditions of experimental water 
polyuria or in diabetes insipidus in man. On the other hand, when the 
rate of urine secretion is low initially and the salt excretion normal or 
high, such as obtains during the fasting state or under the influence of a 
general anesthetic agent, injection of the extract usually increases the 
rate of urine secretion. It has furthermore been shown repeatedly that 
whether diuresis or antidiuresis ensues, the quantity of salts excreted in 
the urine, following an injection of pituitary extract, is augmented. Thus, 
in earlier experiments reported from this laboratory by Stehle and 
Bourne [1925] and Stehle [1927], it was shown that in the dog during 
the post-injection period the urinary chloride excretion increased markedly — 
and the urine secreted was extraordinarily rich in sodium, potassium, 
calcium, magnesium and phosphorus. It was therefore concluded that 
the diuretic effect was essentially a salt diuresis” resulting from an 
increased amount of salts liberated from the tissues of the body under the 
influence of the extract. It was, however, still unclear whether the anti- 
diuretic effect was also an expression of these tissue changes, whereby, 


PH. LXXXVII. 9 


ra 
; 
Ae 
ix 
* 
* 
A 
* 
8 
2 
‘al 
. 
‘4 
ry 
4 
4 
* 
rs 
“= 
> 
4 
2 
2 
‘a 
** 


130 K. I. MELVILLE 


conversely, the tissues while losing salts retained or withheld water more 
firmly than hitherto. 

The experiments described in this paper were therefore undertaken 
in order to test more directly how far modifications in the salt or water 
saturation of the tissues of the body determine the type of urinary 
response to an injection of pituitary extract. 

The data in the literature concerning this question are rather con- 
flicting. Motzfeldt [1917] first observed that, in the unanesthetized 
rabbit, the diuresis which followed the oral administration of 40 c. c. of 
10 p.c. sodium chloride was not inhibited by the injection of pituitary 
extract, while diuresis from the similar administration of an equal volume 
of distilled water was always inhibited. In the rabbit and dog under 
urethane anesthesia, Fromherz [1923] found that, when diuresis was 
produced by prolonged, continuous, intravenous injection of physiological 
salt solution at a constant rate, the injection of pituitary extract led to a 
brief oliguria lasting for 3-5 min., followed by a much augmented 
diuretic response. 

Using the unanesthetized bladder-fistula dog, Molitor and Pick 
[1925] showed that, following the oral administration of water, the usual 
antidiuretic effect of an injection of the extract could be abolished by the 
administration of saline diuretics (sodium chloride glucose or urea) but 
not by that of the purines (theobromine, caffeine and theophylline). 

Mackersie [1925] found that the diuresis from the injection of sodium 
sulphate into the urethanized rabbit was inhibited by pituitary extract, 
but this observation could not be confirmed by McFarlane [1926], who 
obtained a well-marked diuresis under similar conditions. 

In the normal unanssthetized dog, Hines, Leese and Jacobs [1927] 
observed that pituitary extract did not appreciably affect the rate of 
urine secretion after the intravenous injection of physiological saline. 
When, however, similar experiments were carried out with dogs under 
ether anesthesia, the administration of the extract always led to diuresis. 

Adolph and Ericson [1927] studied the influence of pituitary 
extract upon the urinary excretion of salts (sodium chloride, potassium 
chloride and urea) in man, and concluded that after oral administration 
of these salts in varying concentrations, injection of the extract, although 
always inhibiting any excessive excretion of water, did not affect the 
total salt excretion. 

Nelson and Woods [1934] observed, however, that in mice water 
diuresis was inhibited by small doses of pituitary extract, but when a 
large dose was administered, the resultant increase in the quantity of 
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salt excreted was always accompanied by increased water elimination. 

These authors thus postulate that, as the kidney cannot secrete chlorides 

in higher concentration than approximately 1 p.c., if the demand for 

chloride excretion placed upon the kidney exceeds this figure, the volume 

of urine must increase. 
| METHODS | 

In the first group of experiments the unanesthetized bladder-fistula 
dog was used. Several observations were made upon the same animal, 
but an interval of at least 3 days was always allowed to elapse between 
experiments. Prior to each experiment the animal was fasted for 15 hours. 

The urine was collected by placing the animal prone upon a table con- 
taining a funnel so arranged that the urine as secreted dropped through 
the funnel into a graduated cylinder, and could thus be measured at 
short intervals of time. The extract was injected intravenously and the 
injection made only when the rate of urine secretion was progressing at 
a constant rate, Following each injection of the extract, the total volume 
of urine secreted during a period of 40 min. was regarded as a reliable 
quantitative measure of the urinary response to the extract. It was 
quite evident from several preliminary experiments that by the end of 
such time the effect resulting from the dose which was employed, namely 
one pressor unit for the whole animal (18 or 12 kg. in weight), had 
definitely worn off in each case, and furthermore, as will be seen later, the 
degree of this response was quite uniform from time to time in the same 
animal. | 

In order to test the effect of different saturations of salts and water in 
the body upon this control urinary response to the extract, the same 
animals (following the usual fasting period) were given either intraven- 
ously or by mouth varying amounts of salts and water. After such treat- 
ment, an interval of about 2 hours was allowed to elapse before the extract 
was injected. By the end of that time, absorption of the liquid from the 
intestines may be assumed to have been complete or nearly so, as shown 
by the recent experiments of Klisiecki, Pickford, Rothschild and 
Verney [1933] and, in point of fact, the rate of urine formation, which in 
general had markedly increased during the first hour, had by then 
greatly diminished and was frequently no higher than in the control 
experiments prior to the injection of the extract. 

The existing conditions of water balance” and salt balance in 
the organism after these administrations, as shown in the tables, were 
determined by subtracting from the total quantities administered the 
quantities excreted in the urine between their administration and the 
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injection of the extract. These are not, therefore, absolute water and salt 
balances, but indicate relatively to the fasting animal whether or not 
there has been an increase or a decrease of either or of both of these 
substances in the organism. 

In some experiments, also, the influence upon the urinary response to 
the extract exerted by a marked reduction of both water and salt in the 
body, was ascertained by administering previously a suitable dose of 
mercuric chloride in serum, which, as shown elsewhere by Melville and 
Stehle [1928] leads to intense diuresis and loss of salt from the body. 

The chlorine analyses were made gravimetrically and the sodium 
chloride calculated from the total chlorine in the urine. 

The second group of experiments was carried out with dogs under 
sodium phenobarbital anesthesia. The anesthetic was injected in- 
travenously and, after the animal was completely anesthetized, the 
ureters were cannulated and the urine collected in graduated cylinders. 
Here, the various salt solutions employed were isotonic and were pumped 
into the external jugular vein at the rate of 5 c. c. per min., using a con- 
stant rate injection pump designed by Mr Masters of the Department 
of Physiology. In the control experiments the injection was continued 
for 1 hour, and the volumes of urine secreted were measured at intervals 
of 10 min. In each protocol there is shown comparatively the result of 
such an experiment and that of a similar one in which an injection of the 
extract was given during the course of the salt or water administration. 

In both groups of experiments the salts employed were sodium chloride, 
potassium chloride, sodium nitrate and anhydrous sodium sulphate. 

The extract used throughout this investigation was a laboratory 
preparation, postlobin-V, as described elsewhere by Stehle [1933]. It 
has been shown in earlier publications from this laboratory by Stehle 
[1934] and Melville and Holman [1934] to exert both antidiuretic and 
diuretic effects in proportion to its pressor content. 


RESULTS 


The influence of varying conditions of salt and water saturation wpon 
the urinary response to postlobin-V in the unanesthetized dog. In Tables I, 
II and III are analysed results obtained in 22 experiments carried out 
upon two bladder-fistula dogs. In each instance, one pressor unit was 
injected intravenously, and the total quantities of urine secreted during 
the subsequent period of 40 min. are given in the last column of the 
table. All of the experiments recorded in Table I were carried out upon 
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Taste I 
Bladder-fistula dog No. 1. Wt. 18kg. All food and water removed 15 hours before each 
pressor 
unit) 
diuresis. 
Added Added Exoreted Excreted Water “NaCl Urine 
Exp. water NaCl urine NaCl balance” balance _c.c. in 
No. o. o. g. 0. o. g. o. o. g. 40 min. 
1 Control — — — — — 15-5 
2 Control — — — — 16·˙0 
3 300 ( ) 0 146-9 0-20 + 153-1 +0-20 12:1 
4 300 (M) 4-5 23-9 — 7276˙1 31˙1 
5 150 (M) 6˙0 118-5 2-18 + 31-5 +3-82 47-3 
6 150 (M) 6-0 151-0 2-72 - 10 +3-28 47-5 
7 25 (I) 6-0 86-7 1-14 - 61-7 + 4:86 71-1 
8 10 (I) 2-0 41-7 0-70 - 31-7 +1-30 32-3 
9* 0 0 300-7 Positive 3007 Negative 249 
(M) by mouth. (I) intra venously. 
* 2 mg. mercuric chloride per kg. injected intravenously. 
II | 
Bladder-fistula dog No. 2. All food and water removed 15 hours before each experiment. 
Postlobin-V 
(1 pressor 
unit) 
diuresis 
Added Added Excreted “Water Urine 
Exp. water NaCl urine balance” c.c. in 
No. 0. c. g. o. o o. o. “Salt balance 40 min. 
1 Control — — — — 8˙8 
ö;ͥö 79 Slightly negati 153 
(M) + i ve ö 
4 300 (M) 4-5 65-7 + 234 Positi 33-6 
5 10 (I) 2-0 25-5 — 165 Positive 24-0 
6* 0 0 234-7 — 234-7 Negative 17-9 
(M)=by mouth. (I) =intravenously. 
* 2 mg. mercuric chloride per kg. injected intravenously. 
Taste III Postlobin-V 
(1 
diuresis. 
Added Added Exoreted Excreted Water Urine 
Exp. water salt urine chlorides balance” Salt 0. o. in 
No. o. o. g. 0. o. g. 0. o. balance 40 min. 
Bladder-fistula dog No. 1. All food and water removed 15 hours before each experiment. 
1 300(M) 3-75 KCl 248-1 + 519 Positive 25-5 
3 10 (I) 3-00 NaNO, 76-8 0-4 — 66-8 ” 27-9 
4 10 (I) 2-00 Na,SO, 57-2 Trace - 47:2 1 11-9 
Bladder-fistula dog No. 2. All food and water removed 15 hours before each experiment. 
1 300(M) 3-75 KCl 74-4 — +2256 Positive 27-3 
2 10 (I) 300 NaNO, 54-7 — — 44-7 21:3 
3 10 (I) 200 Na, 80. 38:2 Trace — 28-2 55 13˙4 


() by mouth. (I) intra venously. 
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dog No. 1. In the two controls (Exps. 1 and 2) the extract was injected 
after a preliminary 15 hour fasting period, whereupon 15-5 and 160 C. % _ 
respectively of urine were obtained. These were ostensibly “diuretic” 
responses. In Exp. 3, however, after a similar fasting period, 300 c. c. of 
water were administered by stomach tube, and after the resultant 
diuresis amounting to 146-9 c.c., a similar injection of the extract led to 
an excretion of only 12-1 c. o. of urine in 40 min. The pituitary extract 
was injected 2 hours after the water administration, and here again the 
response was ostensibly a diuretic one, but less than in the controls. At 
the time of this injection the animal was presumably, however, in a con- 
dition of relative hydration associated with some slight loss of salts 
from the organism. 

In Exp. 4, on the other hand, 300 c.c. of 1-5 p.c. eim chloride were 
administered instead of water, and at the time of the injection of the 
extract it was calculated that there was an additional water deposition in 
the animal amounting to 276-1 c. c., associated now, however, with some 
salt retention. The same quantity of the extract then produced a definite 
diuresis amounting to 31-6 c.c.—almost twice the urinary response to 
such a dose as observed in the controls. In Exps. 5 and 6 larger amounts 
of sodium chloride but smaller volumes of water were similarly admin- 
istered, and at the time of the pituitary injection the relative water 
balances in the animal were only slightly altered, as seen in the table, 
but the calculated salt balances in these instances amounted 
to 3-82 and 3-28 g. respectively of sodium chloride. Under these 
conditions, the quantities of urine secreted following injection of the 
extract were 47-3 and 47-5 c. c. respectively. These effects are so much 
more pronounced than in the controls that it may be concluded that one 
factor at least which determines the degree of the diuretic response after 
an injection of pituitary extract is undoubtedly the degree of salt 
saturation of the organism, and apparently this is independent of the 
degree of water saturation (since the diuresis is greater whether or not 
there exists hydration). 

In Exps. 7 and 8 are shown examples of results obtained when highly 
concentrated but much smaller volumes of sodium chloride solutions 
were injected intravenously prior to the extract. Again, in both experi- 
ments at the time of the pituitary injection, there were definitely calcu- 
lated positive salt balances but negative water balances and, as shown, 
in each instance marked diuretic responses (71-1 and 32-3 C. c. respec- 
tively) were obtained. At the time of the pituitary injection in both of 
these experiments, furthermore, the rates of urine secretion were quite 
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high, but these were only temporarily reduced for about 5 min. after the 
injection was made. 

Finally, in Exp. 9, it may be seen that, following the loss of water and 
salts from the fasting animal by the administration of mercuric chloride, 
the injection of the extract led to a good diuresis. It should be noted here, 
however, that in this type of experiment the injection of the extract was 
always followed immediately or within 5 min. by the highest rate of 
urine secretion, and that during the last 30 min. of the period the rate of 
urine secretion was obviously much lower than in the control experi- 
ments. On the other hand, in all the other experiments which have been 
described, there was always, following the injection of the extract, a brief 
period of oliguria, or normal rate of secretion, lasting from 5 to 10 min., 
and the maximum diuretic effect appeared in about 30 min. The reason 
for this difference in the character of the response observed after the 
injection of the extract into the animal previously saturated with mercury 
is not obvious, and is mentioned only to indicate that it is atypical and 
appears to be rather the abolition of the initial oliguria than the appear- 
ance of an active salt mobilization diuresis. It may be, however, that the 
increased permeability of the kidneys to salts produced by the mercury 
injection is the complicating factor. 

Results similar to those described above were obtained using dog 
No. 2; some of these are summarized in Table II. In the control experi- 
ments (1 and 2) the quantities of urine secreted during the periods of 
40 min. after the extract were 8-8 and 8-7 c.c. respectively. In Exp. 3, 
following a previous oral administration of 300 C. c. of water, at the time 
of the injection of the extract, there was only a slight resultant hydration 
(the animal had excreted 220-3 C. c. of water) and simultaneously a slight 
loss of salts. In this state the urinary response to the extract amounted | 
to 15-3 0.0. in 40 min., which was, curiously enough, better than in the 
controls. The degree of hydration was much less in this animal than in 
the similar experiment cited with dog No. 1, and this may explain the 
difference in the results obtained. On the other hand, as shown in Exp. 4, 
when 4-5 g. of sodium chloride were given in addition to the water, much 
more liquid was retained by the organism and undoubtedly some of the 
salt. In such a state of positive salt balance the injection of an equal dose 
of the extract led to a diuretic response amounting to 33-6 c.c. in 40 min, 
In Exp. 5, also, when the saline was given intravenously, although there 
was some increased loss of water from the organism, the injection of the 
extract led again to a good diuresis, When mercuric chloride was 
employed in this animal (Exp. 6) the diuretic response was again much 
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better than in the controls, but, as stated above, appeared only during 
the first 10 min. following the injection, when ordinarily, after an injec- 
tion of the extract, one would expect a lowered rate of secretion. 

In Table III are analysed some results obtained when solutions of 
potassium chloride, sodium nitrate and anhydrous sodium sulphate were 
employed instead of sodium chloride. Following oral administrations of 
potassium chloride solutions, the immediate effects upon urine secretion 
were rather variable, so it is difficult, judging from these effects, to be 
positive that intestinal absorption of this salt was regular, and, further- 
more, as it was not possible to give any appreciably high concentration 
of potassium chloride intravenously, the results obtained could not thus 
be checked. It does appear, however, that in these experiments, in which 
there was, presumably, a positive balance of the salt content in 
the organism, the injection of the extracts produced a greater diuretic 
response than in the controls. Results suggesting this are shown in 
Exps. 1 and 2, dog No. 1, and Exp. 1, dog No. 2 (Table III). For the 
corresponding control experiments see Table I, Exps. 1 and 2. 

In other experiments, equivalent amounts of sodium nitrate and 
sodium sulphate were injected intravenously, and led in both instances 
to intense diuretic effects which undoubtedly produced further dehydra- 
tion of the animals. In these experiments, however, only small amounts 
of chloride were excreted in the urine, and more in the case of the nitrate 
than of the sulphate, as shown. In the nitrate experiments carried out in 
both animals, following the injection of the extract, uniformly good 
diuretic effects were obtained (27-9 and 21-3 Cc. 0. respectively), while, 
when the sulphate was used instead, the responses observed were hardly 
better than in the control experiments carried out upon the fasting 
animals (11-9 and 13-4 c.c. respectively). All in all, then, it would appear 
that potassium chloride and sodium nitrate may lead to effects like those 
produced by sodium chloride, but that sodium sulphate does not. The 
probable reasons for these differences will be considered later. 

The influence of salts and water injected intravenously upon the urinary 
response to postlobin-V in the dog anesthetized with sodium phenobarbital. 
Since many of the earlier investigations bearing upon this question, and 
which have already been cited, were carried out with anesthetized 
animals, it was of interest to see how far the effects of the influence of the 
various salts and water upon the urinary response to the extract could be 
observed in the presence of an anesthetic. 

In Tables IV and V are shown results from the intravenous injestion 
of physiological saline. In Table IV it is seen that under anesthesia the 
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IV 


Urine 
Right ureter Left ureter Total 
Time o. o 0.0 0. o. per min. 
11.10-11.20 0-7 0-14 
11.20-11.30 0-5 0-5 0-10 
11.30-11.40 0-4 0-4 0-08 
0-2 pressor unit per kg. injected intravenously. 
11.40-11.50 1-5 1-3 0-28 
11.50-12.00 7:7 7-2 1-49 
4-9 5-7 1-06 
12.20-12.30 74 0-78 
12.30-12.40 2-0 2-2 0-42 
| 1 pressor unit injected into left renal artery. 
12.40-12.50 3-4 3-0 0-64 
12.50— 1.00 3-4 3-9 0-73 
1.00— 1.10 2-8 3-1 0-59 


TABLE V 


Urine 
Right ureter Left ureter Total 
Time o. o . o. o. c. per min 
11.22-11.32 0-5 0-5 9010 
11.32-11.42 0-3 0-5 0-08 
11.42-11.52 0˙8 0-6 0-14 
11.53: 0-1 ¢.c. physiological saline injected into left renal artery 
11.53-12.03 0-7 0-4 0-11 
12.03-12.13 0-7 0-6 0-13 
12.13-12.23 0-8 1-2 0-20 
12.24: 0-1 pressor unit (0-1 c. o. solution) injected into left sera 
12.25~12.35 2-2 2-4 
12.35-12.45 1-8 2-2 920 
12.45-12.55 2-0 2-4 044 
12.55— 1.05 2-5 33. 048 
1-05: 0-1 pressor unit (0-1 e. o. solution) per kg. injected intravenously 
1.05— 1.15 3-7 0°75 
1.15—- 1.25 8·8 10-4 1-92 
1.25— 1.35 6-5 6-5 1-30 


137 


Dog, male; wt. 26 kg. Sodium phenobarbital anssthesia. Ureters cannulated and left 
renal artery exposed. 
At 11.10 a.m, intravenous infusion of 0-9 p. o. sodium chloride at the rate of 5 0. o. per 
min. started and continued to end of experiment. 


Dog, female; wt. 21-7 kg. Sodium phenobarbital anesthesia. Ureters cannulated and 
left renal artery exposed. 
At 11.22 a.m. intravenous infusion of 0-9 p.c. oe 
min. started and continued to end of experiment. 
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infusion of 0-9.p.c. salt solution produces during 30 min. no obvious 
diuretic effect, but that an injection of 0-2 pressor unit per kg. leads to a 
marked diuresis. Again, 1 hour after this injection, when the rates of 
urine secretion from the right and left kidneys were equal and approxi- 
mately 0-2 c.c. per min., the injection of 1 pressor unit into the left renal 
artery led to a slight increase in the rates of urine secretion, occurring 
simultaneously on both sides. The salt solution was injected continuously 
during the course of the whole experiment and at the rate of 5 c. c. per 
min. In Table V it may also be seen that at the beginning of a similar 
experiment the simple injection of 0-1 c.c. of physiological saline into the 
left renal artery did not affect the urine secretion, and furthermore, the 
subsequent injection of an equal volume of solution containing 0-1 pressor 
unit led only to a uniform though slight simultaneous increase in the rates 
of secretion from both kidneys. In view of the small size of this dose, one 
would imagine that, were the diuretic effect due to a renal action under 
these conditions, it would have appeared only from the injected side. 
Later on in the same experiment, the intravenous injection of 0-1 pressor 
unit per kg. led to a well-marked diuresis, Here again, as stated in the 
protocol, the infusion was continued throughout the whole course of the 
experiment, and there must have been a definite deposition of both salt 
and water in the tissues of the animals during this time. 

The results shown in these two tables leave little doubt that, in the 
anesthetized animal, the urinary response to sodium chloride in the 
body is much augmented after an injection of pituitary extract, and, 
secondly, that this action is not due to a direct effect upon the kidney 
cells nor apparently is it dependent upon the degree of water 
saturation. 

In Tables VI, VII and VIII are shown in comparative experiments 
the effects of injecting 0-1 pressor unit per kg. during the constant, 
continuous, intravenous infusion of isotonic solutions of potassium 
chloride, sodium nitrate and sodium sulphate, respectively. From 
Table VI it may be seen that in both experiments the diuretic action of 
potassium chloride itself is extremely pronounced, even in such a con- 
centration (in contrast to 0-9 p.c. sodium chloride), but a comparison of 
the rates of urine secretion observed during the last 30 min. of each 
experiment shows that this reached a definitely higher level after the 
injection of the extract (Exp. 2). In Table VII it is seen similarly that 
infusion of sodium nitrate leads under identical conditions to somewhat 
less diuresis, but that after administration of the extract the rate of urine 
secretion increases again much more rapidly than in the control. Both of 
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Tam VI 


Exp. I. Dog, male: wt. 17-9 kg. Sodium phenobarbital anzsthesia. Ureters cannulated. 

At 10.00 intravenous infusion of 1-25 p.c. KO ot the rate of 50. por min. started and 
continued to end of experiment. 

Exp. 2. Dog, male: wt. 23-6 kg. Sodi barbital anesthesia. Ureters cannulated. 

rp KC) at the rate of 5 b. o. per min. started and 
continued to end of experiment. 


Exp. 1 Exp. 2 
Urine 

Time 0. o., per min. Time 0. o. per min 
10.00-10.10 1-06 9.25— 9.35 1-05 
10.10-10.20 1-55 9.35— 9.45 1-50 

0-1 pressor unit injected 
Er per kg. inj 
10.20-10.30 1-05 9.45— 9.55 0-88 
10.30-10.40 1-30 9.55-10.05 2-65 
10.40-10.50 2-92 10.05-10.15 _ 2-70 
Tam VII 


Ezp.1. Dog, male: wt. 12-3 kg. Sodium phenobarbital anesthesia. Ureters cannulated. 

At 10.30 a.m. intravenous infusion of 1-3 p.c. NaNO, at the rate of 50.c. per min. 
started and continued to end of experiment. 

Eæp. 2. Dog, female: wt. 9-0 kg. Sodium phenobarbital anesthesia. Ureters cannulated. 

At 10.00 a.m. intravenous infusion of 1-3 p.c. NaNO, at the rate of 5¢.c. per min. 
started and continued to end of experiment. 


Exp. 1 Exp. 2 
Urine Urine 
Time 0. C. per min. Time 0. o. per min. 
10.30-10.40 0˙2⁵ 10.00-10.10 0-20 
10.40-10.50 0-72 10.10-10.20 0-42 
10.50-11.00 0˙84 10.20-10.30 0-62 
1 pressor unit per kg. injected 
intravenously 
11.00-11.10 0-90 10.30-10.40 2-05 
11.10-11.20 1-15 10.40-10.50 3-10 
11.20-11.30 2˙4⁵ 10.50-11.00 3-70 


these observations fit in well with what was found in the unanesthetized 
dog with these two salts, and need no further comment here. 

In Table VIII, on the other hand, it is clearly shown that the urinary 
effects following the intravenous injection of sodium sulphate solution 
were not appreciably affected by this dose of extract. Although in both  - 
of the experiments shown there is a good diuresis due to the salt ad- 
ministered, there is, however, no augmentation of effect after the 
extract. This result is also in agreement with those already described, 
using the unanesthetized animal, so that apparently the anesthetic does 
not alter in any fundamental fashion this response of the organism to 
pituitary extract. 
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VIII 
Exp. I. Dog, male: wt. 11-9 kg. Sodium ph 
At 10.34 intra venous infusion of 1-06 p. o. Na, 80, (anhyd.) at the rate of 5 c.c. per min. 
started and continued to end of experiment. 
Exp. 2. Dog, female: wt. 25-5 kg. Ureters can- 
nulated. 
At 10.00 intravenous infusion of 1-06 p.c. Na,SO, (anhyd.) at the rate of 5 c. o. n 
started and continued to end of experiment. 


Exp. 1 
Urine 
Time o. per min. 

10.34-10.44 0-25 
10.44~—10.54 0-48 
10,54—11.04 0-70 
11.04-11.14 0-94 
11.1411.24 1.22 
11.24-11.34 1-58 


1. 14.1 
wa 


tal 


Ureters cannulated. 


Exp. 2 
Urine 

Time 0. o. per min 
10.00-10.10 0-51 
10.10-10.20 0-86 
10.20-10.30 0-90 
0-1 pressor unit per kg. injected 

intravenously 
10.30-10.40 1-26 
10.40-10.50 1-35 
10.50-11.00 1-02 


Finally, in Table IX are shown the results of two comparable experi- 


Taste IX 


ments in which distilled water was injected intravenously in the anzsthe- 
tized animal. In the control (Exp. 1) it is seen that this injection leads only 
to a progressive antidiuresis. Following the injection of postlobin-V, 
however, during the course of a similar administration of water (Exp. 2), 
there was an immediate and rapid diuresis. When distilled water 
was also administered intravenously in the same manner no diuresis 


Exp. I. Dog, female: wt. 17-6 kg. Sodium phenobarbital anesthesia. Ureters cannu- 


continued to end of experiment. 
Exp. 1 
: Urine 
Time 0. 0. per min. 
10.33-10.43 0-44 
10.43-10.53 0-29 
10-53—11.03 0-16 
11.03-11.13 0-16 
11.13-11.23 0˙15 
11.23-11.33 0-17 


At 10.33 intravenous infusion of distilled water at the rate of 5 c.c. per min. started and 
continued to end of experiment. 


Exp. 2. Dog, female: wt. 12-0 kg. Sodium phenobarbital anssthesia. e eee 


At 10.43 intravenous infusion of distilled water at the rate of 5 c.c. ead cand 


Exp. 2 
Urine 
Time o. o. per min 
10.43-10.53 0-38 
10-53-11.03 0-24 
11.03-11.13 0-18 
0-1 pressor unit . injected 
intravenously 
11.13-11.23 1-31 
11.23-11.33 1-46 
11.33-11.43 0-46 
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followed, even in the unanesthetized dog. It is not quite clear why the 
oral administration of 300 C. c. of water to the unanæsthetized dog leads 
within an hour or so to a marked diuresis which is inhibited by pituitary 
injection, while the intravenous injection of an equal quantity of water 
over a period of 1 hour leads only to antidiuresis, and thereupon an injec- 
tion of the extract causes a good diuresis. It has, however, already been 
shown by Heller and Smirk [1932] in rats and guinea-pigs, and by 
Smirk [1933] in man, that the rate of urine formation is not parallel to 
the load of absorbed but unexcreted water in the body, and our results 
confirm this conclusion. Nevertheless, concerning the action of the 
extract under these conditions, it can only be postulated again that the 
diuretic or salt effect is fundamentally an action distinct from the anti- 
diuretic or water-inhibitory action of this substance. Furthermore, the 
former effect is certainly not in any way determined by the existing 
degree of hydration in the body. It should also be remarked that 
hemoglobinuria occurred occasionally during the course of these experi- 
ments, but whether it did or did not the results obtained were ostensibly 
the same. 


Discussion 


How may these data be interpreted in respect to the question whether 
the extract exerts a single or two separate actions on the organism? In 
the first place, it is apparent that the diuretic effect of pituitary extract 
appears to depend neither upon the degree of water saturation in the 
organism nor upon the rate of water excretion through the kidneys. 
Secondly, this action is definitely influenced by variations in the tissue 
electrolytes. Sodium chloride or potassium chloride or sodium nitrate 
produces augmentation of the diuretic response to the extract, and indeed 
exerts an antagonistic influence to the antidiuretic effect, as has already 
been shown by Molitor and Pick [1925] in respect to sodium chloride, 
glucose and urea. It is obvious, furthermore, that if in these later experi- 
ments the antidiuretic effect. of the extract were simply wiped out 
passively by the excessive rate of salt excretion through the kidneys, 
there is no reason why the diuresis should be actually augmented when 
pituitary extract is given. This augmentation of the diuretic effect of 
salts by the extract is, I believe, strong evidence that active salt mobiliza- 
tion occurs, which is not in any way related to the antidiuretic action of 
the extract. It may therefore be concluded that an injection of posterior 
lobe extract leads to two separate and distinct effects in the organism— 
the one concerned only with changes in salt metabolism, the other with 
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water. The resultant effect upon urine secretion must depend then upon 
the interplay of these two actions, and may therefore be rather variable 
when the salt and water balances in the organism are variable. It would 
seem, therefore, that instead of these two actions of the extract being 
referred to as “diuretic” and “ antidiuretic”, they should be designated 
“salt mobilizing” and water retaining” actions, respectively. 

The further question whether or not this effect upon salt metabolism 
is a specific one upon sodium chloride cannot yet be answered definitely. 
The answer, however, would appear to be in the affirmative. The results 
obtained show that sodium chloride, potassium chloride and sodium 
nitrate behave similarly in this respect, but that sodium sulphate does 
not. Sodium chloride and potassium chloride may not be physiologically 
differented by the tissues, so that their interchangeable effects may to 
some extent be understood, but it is difficult to see why such an un- 
physiological substance as sodium nitrate should behave similarly while 
sodium sulphate acts differently. According to Cushny [1926], however, 
following an injection of nitrate, “the nitrate, like the bromide, is not 
differentiated from the chloride by many tissues and these exchange part 
of their chloride for nitrate’. On the other hand, according to the same 
author, sulphates are extremely rapidly excreted from the body”, and 
may thus presumably not be capable of replacing the sodium chloride in 
the tissues. The salt mobilization due to pituitary extract may therefore 
be a specific one upon tissue sodium chloride, and this in turn may be 
responsible for the observed associated change in the excretion of other 
electrolytes. 


SuMMaRY 


1. It is shown that in dogs (unanesthetized or anesthetized with 
sodium phenobarbital) the diuretic response to pituitary (posterior lobe) 
extract is greatly augmented by giving the animal sodium chloride before- 
hand. 

2. This action is also evident, although less pronounced, when 
potassium chloride or sodium nitrate is substituted for sodium chloride; 
but it could not be demonstrated when sodium sulphate was used. 

3. The data confirm the hypothesis that the diuretic effect of this 
extract is due essentially to a “salt mobilizing” action. 
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THE ACTION AND FATE OF INJECTED POSTERIOR 
PITUITARY EXTRACTS IN THE DECAPITATED CAT 


By A. MORGAN JONES ann WALTER SCHLAPP 
(From the Department of Physiology, University of Manchester) 
2 (Received February 24, 1936) 


Since their discovery the effects produced on the blood pressure by 
injections of extracts of the posterior lobe of the pituitary body have been 
recognized as remarkable for their long duration. Not only does the blood 
pressure remain raised for a considerable period, but the animal acquires 
a tolerance, so that a second injection may have a smaller effect; this 
phenomenon was first described by Howell [1898]. Since then it has 
come under review by a number of authors, more particularly as an 
obstacle to making use of the pressor response for standardizing extracts. 


Thus Dale and Laidlaw [1912] were induced by its existence to turn 


their attention to the oxytocic activity, and they devised the method of 
assay with the isolated uterus of the virgin guinea-pig, and this is now 
probably the method most extensively employed. Hogben, Schlapp 


and Macdonald [1924], in elaborating their method of pressor assay on 


the spinal cat, were able to show that for small doses up to 2 mg. of dried 
posterior pituitary substance, the period of tolerance did not exceed 
1 hour. 

Little is known concerning the factors responsible for the tolerance, 
but Dale and Laidlaw [1912] surmized that it might be the consequence 
of a slow disappearance of the active principles from the blood. On the 
other hand, it seemed possible that an effect on the blood volume was to 
some extent concerned. Underhill and Pack [1923], giving “ pituitrin” 
intravenously to dogs, found a 20 ꝓ. c. reduction in hemoglobin occurring 
both with and without the simultaneous administration of water. 

In the experiments to be described here, the disappearance of the 


active principles from the blood has been followed, its relationship to the 


tolerance investigated and the effect of the principles on the blood volume 
is examined. The excretion of the pressor principle in the urine is studied 
quantitatively, and the destructive action of tissue extracts on the 
oxytocic and pressor activities demonstrated. 
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EXPERIMENTAL 

The experiments were performed on cats. Under ether anesthesia the 
carotid arteries were tied in the neck, and the vagi cut; the spinal cord 
was divided through the occipito-atlantal space after the application of 
the vertebral clamp described by McDowall [1930]. The brain was 
destroyed. The anesthetic was then discontinued and artificial respira- 
tion supplied from a Palmer “Ideal” pump, by means of a tube tied into 
the trachea. The blood was rendered incoagulable by the injection into 


the femoral vein of 200 mg. of chlorazol-fast pink dissolved in the 
minimum quantity of water. This procedure has been found to be 


without effect on the phenomena with which this paper deals. Moreover, 


in experiments in which a record of the blood pressure was taken it was 
possible to substitute saline for the anti-coagulant solution usually 
employed in connecting the artery to the mercury manometer, a pro- 
cedure which obviates the passage of foreign substances into the circula- 
tion during a fall of blood pressure. 

The posterior pituitary extracts were prepared from fresh beef glands 


placed in acetone at the slaughter house. They were immediately 


transported to the laboratory where the posterior lobes were dissected 
out, cut up and placed in fresh acetone for a few hours; they were next 
transferred to ether for 24 hours and dried at 37° C. overnight. After 
grinding up, the powder was extracted in a Soxhlet apparatus with 
absolute ethyl alcohol which had been distilled, with a reflux condenser, 
over metallic calcium. The powder was again dried at 37° C. and finally 
ground up so that it would pass through gauze; it was preserved in a 
vacuum desiccator over calcium chloride. 200 mg. of this powder in 
15-20 c.c. of distilled water with three or four drops of 5 p. c. acetic acid 
in a boiling tube were placed in a boiling water bath for 2min. The 
extract was filtered and made up to 20 c. c. with distilled water. In all 
the experiments the extract used was of this strength (unless it is stated 
to be otherwise). It was kept in sealed ampoules each containing 5 c.c. 
and could, provided it was sterile, be preserved for a considerable period 
without loss of activity. 

The assays of oxytocic activity were made by the guinea-pig uterus 
method of Burn and Dale [1922], but the size of the organ bath was 
reduced. The pressor assays were made by the method of Hogben, 
Schlapp and Macdonald [1924]. 
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The disappearance from the circulating plasma 

In preliminary experiments it had been noticed that the plasma of 
blood withdrawn at varying times after the injection of posterior pituitary 
extract possessed the less oxytocic power the longer after the injection it 
was withdrawn. In order to determine the rate of disappearance the 
amount present at various times after the injection was assayed. As the 
blood volume could not be determined experimentally for each cat the 
precise initial concentration of the active substances in the blood was 
unknown. It was therefore necessary to make assays at various times, 
comparing the amount present at each time with a standard. This 
standard was withdrawn 30 sec. after the injection into the femoral vein 
of 1 c. o. of extract per kg. body weight. As blood volume varies with 
body weight the initial concentration would be approximately the same 
in all cases, mixing being assumed to be complete in the 30 sec. The 
withdrawal of the 20 c.c. of blood involved was effected through a tube 
tied into the stump of a carotid artery. The cat was later exsanguinated 
through the abdominal aorta. The blood thus obtained and the standard 
sample were centrifuged at high speed and the incoagulable plasmata were 
compared for oxytocic and pressor activity. 

The small amounts of the samples available made 6005 assa ys 
of pressor and oxytocic activities difficult, and the majority of the 
estimations were carried out in separate animals. It may be seen from the 
results which are given in the form of a graph (Fig. 1) that the pressor 
and oxytocic activities disappear from the plasma at the same rate. It 
might seem at first sight that at the longer time intervals the pressor 
activity lags behind the oxytocic as regards disappearance; but this is 
due to the large bulk of plasma which has to be injected in these assays. 
For the plasma itself in bulk produced a perceptible pressor effect. In 
two cases in which it proved possible to perform pressor and oxytocic 
assays on the same sample, and in which the amount of plasma injected 
in the pressor assays was rigidly controlled, the correspondence was 
satisfactory, as may be seen from the points marked C on Fig. 1. 

A number of experiments were undertaken in order to follow the last 
traces of the active substance in the plasma. Thus after 1 hour it was 
found that there might be from 3 to 5 p.c. of the oxytocic activity of the 
standard sample remaining in the plasma; after 2 hours there remained 
no oxytocic effect. It proved impossible to repeat these experiments with 
the pressor activity, as the effect in the assay was completely masked by 
the pressor effect of the bulk of plasma which had to be injected. In view 
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of the fact that 85 p.c. of the activities disappear simultaneously it would 
be unreasonable to suppose that the last 15 p.c. do otherwise unless 
positive evidence to that effect were forthcoming. 

Before finally accepting the view that the pressor and oxytocic 
activities disappear simultaneously from the plasma, it was necessary to 
show that the procedure of injecting the pituitary extract and the sub- 
sequent withdrawal of the 20c.c. standard sample did not produce a 
degree of dilution of the plasma which would account for any significant 
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part of the results. In a series of experiments with the hæmatocrite 
undertaken to investigate this possibility, it was found that the average 
dilution occurring in the time involved was 5 p. c. with a maximum of 
8-5 p.c. But even this maximum degree of dilution is insufficient to 
account for any significant part of the disappearance and in any case it 
lies within the error of the methods of assay employed. 


The period of tolerance 
Having determined the time during which the active substances 
circulate in the plasma it was obviously of interest to find out whether 


this time corresponded to the duration of the tolerance. But certain 
10—2 
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difficulties arise in the estimation of the period of tolerance. There is no 
test for the sensitivity of an animal to the pressor principle other than the 
injection of an extract intravenously. If the sensitivity is tested in this 
way, and the response has not returned to normal, no further observation 
can be made on that animal with that dose, as the tolerance due to the 
second will obscure that due to the first. On the other hand, if the 
response has returned to the original level then this condition may have 
existed for any time before the second injection. Further, the return of 


Fig. 2. Successive hourly injections of 0-5 mg. of dried gland. The response is constant 
before the injection of the “standard” dose and returns to normal 3 or 4 hours later. 


the response to the original level is not necessarily indicative of the com- 
plete recovery of the animal, for it is not unusual for the sensitivity to 
rise above the original level after a dose of the size used. In our experi- 
ments the period of tolerance has been taken to be the time which 
elapses after the injection before a constant response is obtained to small 
doses injected at hourly intervals, for recovery from the latter would 
certainly be complete in 1 hour as has been shown by Hogben, Schlapp 
and Macdonald [1924]. 

The difficulties outlined above indicate that only an approximate 
estimate of the duration of the period of tolerance can be made. The 
details of the method are as follows. Very small doses of the extract 
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(0-05 c. 0. suitably diluted) were injected at hourly intervals for 2 or 
3 hours, and then a large dose of 1 c.c. per kg. This was followed by the 


hourly injections of the original small doses, starting 1 hour after the 


injection and continuing until the response had reached a constant level. 
This occurs 3 to 4 hours after the large injection (Fig. 2). The small 


Pig. 3. Successive injections of the “standard” dose at I-hour intervals. 
A considerable degree of tolerance is shown in (b). 


injections 1 hour and 2 hours after the large injection must have contri- 
buted to the period of tolerance, but it is clear that the response had 
returned to normal in legs than 4 hours. The experiment was therefore 
repeated omitting the smat}-injections 1 hour after the large one. The 
response had returned to a constant level in 2 hours, so that the duration 
of the period of tolerance cannot exceed this; the tolerance after 1 hour 
has however been found to be considerable (Fig. 3). These experiments 
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show that the period of tolerance to the dose used is between 1 and 
2 hours, and suggest that it corresponds to the time during which the 
active substances can be detected in the circulating plasma. 

It is interesting to observe that the time during which the blood 
pressure remains raised above the normal corresponds roughly to the 
period of tolerance and to the period during which the active principles 


Fig. 4. The lines a and b give the limits of normal variation. 


are circulating. This can be seen in Fig. 3 where the dotted line shows the 
rate of disappearance of the active substances from the plasma. But the 
blood pressure during the period of tolerance is always less than it would 
be were the amount of the active substances circulating in the plasma at 
the time injected into a fresh animal. It would seem, therefore, that the 
tolerance may be regarded as a mechanism of adaptation to the slow rate 
of disappearance of the active substances from the plasma. The phe- 
nomena of tolerance apply equally to the original dose and to subsequent 
doses injected during the time the active principles are circulating. 
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The dilution of the blood, which has been stated by Underhill and 
Pack [1923] to occur both with and without the simultaneous admini- 
stration of water, seemed to have a duration corresponding to that of the 
probable period of tolerance and, as it might have turned out to be a 
factor in the production of the latter, it seemed desirable to undertake 
some experiments to investigate this phenomenon. 

In a number of cats, prepared as has been described, standard doses of 
1 c.c. of pituitary extract per kg. were injected, and the relative volumes 
of plasma and corpuscles determined by means of a hematocrite over a 
period of from 3 to 4 hours. The. results of four experiments are given 
graphically in Fig. 4, and they show that no appreciable dilution takes 
place. Such a result cannot however be attained without taking the 
greatest care to avoid procedures of a kind which would of themselves 
tend to produce dilution. Among these are the injection of the extract in 
a dilute solution, and the withdrawal of unnecessarily large quantities of 
blood for the hematocrite determinations. If, as was the case on one 
occasion, an attempt is in addition made to follow the tolerance by hourly 
injections of extract and a simultaneous recording of blood pressure, 
further means of producing dilution of the blood come into operation, 
and such a dilution may easily take place as can be seen from curve A in 
Fig. 4. It is not disputed, of course, that dilution of the blood takes 
place if water be given per os, and an explanation of this has been 
advanced by Smirk [1933]. But it is evident that the injection of 
posterior pituitary extract alone does not produce a degree of dilution 
which would account either for the raised blood pressure or for the 


tolerance. 
Tue fate of the active substances 


The disappearance of the active principles from the plasma of the 
circulating blood may be due (1) to their destruction there, (2) to their 
entrance into the corpuscles, or (3) to their passage into the tissues. 

The first of these possibilities is definitely excluded by the fact that 
the incoagulable plasma may be incubated at 37° C. for 2 hours with the 
active principles without any appreciable destruction of the activities. 
The plasma with the extract added to it possesses the same activity 
whether the addition is made before or after the incubation. 

On the other hand, the second possibility cannot be entirely excluded. 
It has been found that when whole blood, rendered incoagulable as has 
been described above, is incubated for 2 hours at 37°C., with the 
extracts, and when care is taken to ensure mixing by frequent stirring, 
there is a small diminution of the activity of the plasma as compared with 
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that of blood to which the extract was added afterincubation. Theresults 
hold equally for pressor and oxytocic activities and the loss of activity 
may amount to between 20 and 30 p.c. It is not intended to deal here 


with the mechanism of this disappearance. But it may be said that in 


preliminary experiments it has been shown that laked blood corpuscles 
possess the power of destroying the active principles. The disappearance 
from the circulating plasma may thus in part be due to their passage into, 
and destruction in, the blood corpuscles. 

It is impossible to say to what extent the W takes place in 
vivo. The concentration throughout the in vitro experiments was con- 
siderably higher than the initial concentration in vivo, where the rate of 


loss of activity has been shown to be dependent on the concentration. 


In view of the small loss of activity on incubation with whole blood, and 
the fact that there is evidence that the greater part of the active principles 
leave the plasma quite rapidly it is unlikely that the corpuscles are of 
paramount importance as a factor in the disappearance. 

The fact that at least a portion of the pressor principle leaves the 
blood stream in an active state was discovered by Dale [1909] when he 
showed that the urine acquires a pressor activity after the injection of 
posterior pituitary extract. There are, however, no quantitative data 
available, and in the experiments now to be described an attempt has 
been made to determine to what extent urinary excretion plays a a in 
the elimination of the active principles. 


Excretion of pressor principle i in the urine 


Decapitated cats were used and chlorazol-fast pink was injeoted i in 
about half of them; this dye appears to have no effect on the rate of 
excretion. The urine was collected by means of a tube in the urethra. 
All tubes, vessels and instruments were sterilized before use. The bladder 
was emptied before the injection of the standard dose, and the collected 
urine was used as a control. The extract was then injected and the bladder 
again emptied after the desired time. The second sample was assayed 
against the control urine to which known amounts of the extract were 
added. 

The assay of the oxytocic power of the urine was found to be im- 
practicable. The control urine possessed an oxytocic activity equivalent 
to from 30 to 80y of dried gland per c.c., and it was not possible to 
separate this activity from that due to the oxytocic principle. In addi- 


tion, this content varies from time to time so that in some cases it would 


be * to carry out even an approximate assay. 
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The same difficulties did not arise with the pressor assay. Normal 
cat’s urine contains both pressor and depressor substances, the nett effect 
being slightly depressor. But the effect is a negligible one compared with 
the effect of the excreted pressor principle (Fig. 5). The urine containing 
the excreted pressor principle was assayed against a urine with added 
posterior pituitary extract. The former was in all cases withdrawn 
2 hours after the injection of the extract, by which time all the active 
substances are known to have left the blood. 


Fig. 5. CS control urine. $=urine excreted in 2 hours following the injection of the 
“standard” dose. The assay is made against 3 c.c. of control urine made up to contain 
1 mg. of dried gland. 


On the average, 28 p.c. of the pressor activity appeared in the urine 
in nine experiments (Fig. 6). The highest figure obtained (Fig. 6) was 
39 p.c. It is concluded that approximately one-third of the pressor 
activity appears in the urine. 

It seemed worth while to determine 8 the urine itself had a 
destructive action on the pressor principle. For it was possible that 
more than one-third was thus excreted into the bladder, but that some 
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of it was destroyed in this viscus during the 2 hours following the 


injection. No disappearance of pressor activity could be detected 
however when normal urine was incubated with pituitary extract for 


2 hours. 3 

While destruction in the corpuscles and excretion in the urine might 
account for the disappearance of up to 50 p.c. of the active substances 
from the plasma, the remainder must pass into the tissues and is probably 
destroyed there. The destructive properties of extracts of certain tissues 
were next examined. 


Excretion of the pressor principle in urine 

Total 

amount Amount ſound in the urine in two hours 

100 
90- 
80- 
70. | 
60. Ca Ge Gh Cu Ce Ca Ca Ca 
* 61 68 72 74 7 7% 80 91 97 
40. 
30 
20 
0- | 

Fig. 6. 
Action of tissue extracts 


The extracts used in our experiments were made from the livers, 
kidneys and spleens of cats which had been injected with chlorazol-fast 
Pink. This was done to ensure uniformity, as it had been employed in all 
the previous experiments. The organ was cut into small pieces and ground 
up with sand in a mortar, with the addition of 100c.c. of 70 p.c. glycerol 
for every 60 g. of tissue. The mixture was filtered through glass wool and 
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the extracts. Since the work described 
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the filtrate centrifuged at a high speed. The supernatant fluid was used. 
Three tubes were made up as follows: 


I. 9c.c. saline and 1 c.c. tissue extract. 

II. 8c.c. saline and 1 c. c. tissue extract. 

III. 8 0.0. saline and 1 c.c. tissue extract and 1 c.c. pituitary extract 
(made up in saline). 


The three tubes together with a quantity of pituitary extract were 
incubated at 37 C. for 2 hours. After 
this the extract was added to tube II. 
Thus tube II differed from tube III 
only in that pituitary extract was added 
to it after instead of before incubation. 
The contents of tube I were used to 


It is clear (Fig. 7) that the pressor 
activity in the incubated specimens 
has been destroyed by the extracts of 
kidney, liver and spleen. It was also 
shown that the tissue extracts become 
inactive on boiling. It is impossible to 
say on the basis of these experiments 
what isthe nature of the active agent in 


here was carried out, Heller and 
Urban [1935] have adduced evidence 
to show that the antidiuretic sub- 
stance is destroyed by liver extracts. 
They suggest that destruction occurs 
in twostages. First there is adsorption, qua incubated 
for the activity may be recovered by extract incubated with liver extract. 
boiling, but finally the change becomes . 
irreversible in this way, and appears to tissue extracts as above.“ By =pitui- 
be a true destruction. It has not been After incubation of the latter. 
possible to obtain any evidence of the 

adsorption phenomena with the pressor and oxytocic principles. Liver 
extract with added pituitary extract has exactly the activity of the same 
quantities of saline and pituitary extract respectively and boiling does not 
of course increase that activity. When the activity is lost by incubation 


it cannot be recovered by boiling. 
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Discussion 
It should be pointed out that there is no method at present of 
detecting the presence of the pressor and oxytocic principles other than 
by their biological activity. Thus if they undergo any change in the 
body which destroys their activity they are completely lost. On the other 
hand, if they undergo any change which does not affect their activity it 


cannot be detected. 


Although the pressor and oxytocic principles of posterior pituitary 
extracts are obtainable in separate fractions, there is a considerable and 
increasing body of evidence showing that they possess strikingly similar 
properties in many respects. The fact that both are readily dialysable 
and that the dialysis of both occurs at the same rate [Smith and 
M’Closky, 1924; Kamm, 1928] may possibly be of significance as 
an explanation of the simultaneous disappearance of the pressor and 
oxytocic activities from the circulating blood. 

The tolerance which follows the injection of posterior pituitary ex- 
tracts has been studied by previous workers because it modifies the action 
of a subsequent dose. As has already been pointed out, it also modifies 
the effect of the initial dose while that is circulating in the plasma. And 
this is a point of some interest, for it means that the blood pressure will 
be lowered much more quickly than it would be were the pressor effect 
proportional to the amount present in the circulation. It may therefore 
be regarded as a mechanism which minimises the effect of a large amount 
of a foreign pressor substance suddenly injected into the circulating blood. 
When all that substance has been removed the sensitivity returns to 
normal, It modifies the effect of a subsequent injection only incidentally, 
and only if that injection is made before all the previous one has left the 
circulating blood. 

The ultimate fate of the active substances is accurately known only as 
regards the proportion which is excreted in the urine. There can be little 
doubt but that the remainder is destroyed in the body and it is clear that 


the cellular elements of the blood and extracts of liver, kidney and 


spleen possess this power. It would however be unwise to attempt to draw 
any conclusions as to the part played by these organs in vivo. The 
results of experiments with tissue extracts can scarcely be expected to do 
more than provide indications for further investigation. 
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SuMMARY 


I. After intravenous injection into decapitated cats of posterior 
pituitary extract (10 mg. of dried gland per kg. body weight) the pressor 
and oxytocic activities of the circulating plasma disappear at the same 
rate: 85 p.c. is lost in 20 min. and none remains 2 hours after the injec- 
tion. 

2. The tolerance which follows the injection lasts for approximately 
the time during which the active substances circulate in the plasma. It is 
regarded as an adaptation to the slow passage of the active substances 
out of the blood stream. 

3. No perceptible blood dilution, such as has been described by other 
workers, follows the injection of posterior pituitary extract alone. 
Dilution of the blood cannot therefore play any part in the effects of the 
injection. 

4. The activity of the principles is unaffected by ineubation with 
incoagulable plasma, but there may be a slow loss of both activities on 
incubation with whole blood. 

5. About 30 p.c. of the injected pressor principle appears in the urine 
during the time the active principle is leaving the blood stream. 

6. Glycerol extracts of the liver, kidney and spleen are able to 
destroy the oxytocic and pressor activities of posterior pituitary extracts 
on incubation. The extracts lose this property on boiling. 

7. Wherever it has been possible to obtain comparative data it has 
been shown that the pressor and oxytocic principles behave identically. 


\ 
We wish to express our thanks to Miss Mary Fleure for help given in certain of the 
experiments with tissue extracts. 
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ELECTRICAL RESPONSES OF MAIA NERVE TO 
SINGLE AND REPEATED STIMULI 


By J. YULE BOGUE Au D H. ROSENBERG 
(From the Department of Physiology and Biochemistry, University — 
College, London, and the Marine Biological Laboratory, Plymouth) 


(Received February 29, 1936) 


THE numerous investigations of the peculiar properties of the neuro- 
muscular system in Crustacea mainly concern the direct and indirect 
excitability and the different types of muscular contraction and inhibition. 
In spite of the significant role of the nervous action in transmission and 
summation, relatively few attempts have been made to analyse closely 
the action-potential waves of the nerve response to a single or repeated 
stimulus, as is usually applied for indirect stimulation. 

The theoretical importance of a comparison between the activities 
of non-medullated and medullated nerves is evident. An ingenious 
explanation for the superiority of conduction in myelinated nerves is the 
assumption, based on Lillie’s model experiments, that in these nerves 
the excitation is propagated discontinuously from node to node, whereas 
in myelin-free nerves it passes continuously from point to point [Gerard, 
1931]. This structural conception disregards possible differences in 
physiological characteristics. Do the time relations, for instance, of the 
action-potential waves in crustacean nerve furnish any support for a 
functional interpretation of the facts? 

From such considerations we studied, firstly, form and velocity of 
the composite (statistical) wave evoked in the nerve trunk by a single 
maximal stimulus. These observations were completed by experiments 
with graded stimulation of thin fibre bundles in which we intended to 
determine the shape of the axon-potential wave and the velocity of the 
sensory components of the trunk. In addition, the responses of the nerve 
to periodic stimulation with constant current pulses and induction 
shocks of lower and higher frequencies were investigated with special 
regard to the after-potentials. Eventually we hoped to secure a basis 
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for comparative studies on other non-medullated nerves [Bogue and 
Rosenberg, 1934; Bogue, Rosenberg and Young, 1936]. The 
results of other workers will be discussed in connexion with the descrip- 
tion of the present experiments. 6 


I. Mxrnops 


In view of the slow components of the action potentials of non- 
medullated nerve we used a direct-coupled amplifier similar to that 
described by Matthews [1935], details of which were kindly placed at 
our disposal prior to publication. For records from the whole nerve 
trunk four stages of amplification were usually used, while five stages 
were used for the thin bundles. 

The amplifier was worked in conjunction with a Matthews oscillo- 
graph and a drum camera at 3 m. distance with an average paper speed 
of 1-75 m./sec. In order to avoid distortion we operated the oscillograph 
within the range of its linearity which at 3 m. gave a deflection of the 
order of 3cm. The natural frequency of the instrument was nearly 
6000 cycles/sec. After each record (series of 2-4 curves) a calibration 
voltage was recorded. 

The moist chamber was fitted with three pairs of platinum electrodes 
for induction shocks, and seven calomel half-cells so arranged that it was 
possible to lead off at different distances and stimulate when necessary 


through non-polarizable electrodes. 


Single shocks and constant current pulses were applied by hand- 
operated keys. Periodic stimulation by constant current pulses and in- 
duction shocks was produced by means of a commutator, the time of 
application béing regulated by hand. The electrode chamber was in- 
sulated against mechanical vibration. 

The upper part of the limb nerve of Maia squinado was dissected by 
the usual Levin technique and kept in aerated sea water for 1 hour. The 
experiments were done during August and September 1934, while those 
on the thin fibre bundles were carried out in September 1935 in the 
following manner. The nerve was cut between the mero- and carpo- 
podite, and the joint between the proto- and dactylopodite carefully 


exarticulated. The nerve was then allowed to slide out of the carpo- and 


protopodite, since it was not fixed by the connective tissue. After cutting 
the nerve between a ligature and the dactylopodite, it was transferred 
to a shallow dish of sea water. The thinnest bundles of the floating nerve 
were selected and tied at both ends, and after soaking in sea water 
mounted in a moist chamber containing two pairs of calomel and two 
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pairs of platinum electrodes. The bundle was burnt with a hot glass rod 

at its central end while resting on the distal leading-off electrode. This 
procedure localized the injury, secured a monophasic response, and 
minimized the danger of destroying the minute bundle. KCl as used for 
injuring the upper part of the trunk was not so satisfactory in nerves of 
loose texture. The data presented in this paper were derived from over 
600 curves. 

| II. SINGLE INDUCTION SHOCKS 
(a) Monophasic conditions 

The first notable feature of the monophasic response elicited by a 
single maximal induction shock was the long duration of the negativity. 
With a conducting length of 20-25 mm. the duration of the falling part is 
of the order of 40 msec. at room temperature (20° C.), whereas a residue 
of after-negativity (“retention of the action current” [Levin, 1927]) in 
crustacean nerves lasts for a few seconds. For longer distances and 
lower temperatures the decline is still slower. These. observations are in 
agreement with the results obtained by Lullies [1933] and by Bayliss, 
Cowan and Scott [1935]; while Monnier and Dubuisson’s [1931] and 
Auger and Fessard’s [1934 a] figures are considerably smaller (see 
below). Within the time limits of our records (about 100 msec.) there was 
no sign of after-positivity (Pl. I, fig. I). 3 

The second striking fact was the low negativity of the action potential 
which usually amounted to about 2-0-2-5 mV., i. e. it scarcely attained a 
tenth of the maximum injury potential (about 30 mV., Cowan). This 
result confirmed the statements of the above workers. This was not due 
to the stimulus being submaximal and presented a remarkable contrast 
to the temporary total depolarization by faradic stimulation in galvano- 
metric measurement, i. e. the complete abolition of the injury current by 
the negative variation as described by Furusawa [1929]. In his experi- 
ments, however, the injury potentials ranged from 1-14 to 12-8 mV. with 
an average of 6-3 mV. only. 

The rise of the action potential in addition to the usual 8 shape often 
showed a small distinct step at the start which might be due to a small 
number of the quickest fibres preceding the majority of this fibre group. 
About 1-3 msec. after the beginning of the action-potential wave the 
curve rose abruptly and was essentially a straight line for about 1 msec., 
after which time the rate of rise decreased. The rapid component of the 
rise began when the negativity had attained almost 20 p.c. of its final 
value, and embraced two-thirds of the maximum negativity. The 
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gradient was of the order of 1-0 V./sec.; we shall see that this figure is 
erroneous. The total duration of the rising phase was 3-4 msec. These 
figures were obtained with 20 mm. distance between stimulating and 
recording points and room temperature 21°C. At 40 mm. distance, how- 
ever, all the durations were prolonged and the gradient correspondingly 
decreased. The height of the action potential and the area enclosed by the 
curve and the base line were frequently also reduced, suggesting the 
development of a real decrement of negativity in the isolated nerve, in 
agreement with Lullies’ results. 

With maximal shocks there was generally a series of extra-waves 
superimposed along the falling part of the main wave M. It was possible 
to differentiate three such waves Ei, E, and E. The first extra- wa ve 
started soon after the peak of the main wave, the second usually towards 
the end of the quick part of the falling slope, and the third occurred rather 
late on the decline. Occasionally one or the other of the extra-waves was 
indistinct or even missing. Ei and E which more or less broadened and 
distorted the top and fall of M were not sufficiently distinct for a detailed 


measurement of their characteristics; their shapes, however, resembled __ 


that of M, whereas Ea appeared in a different form as a separate wide 
summit. Obviously they dispersed with distance. With the means of 
stimulation at our disposal we were unable to select the single extra- 
waves by their refractory periods, and to eliminate the possibility of 
repetitive response. 

As far as we can gather from our records the duration of a single 
maximal break shock of our induction coil is not longer than 2 msec., i. e. 
it does not exceed noticeably the absolutely refractory period of the 
quick fibres which is of the order of 2 msec. (I ·5-2· 5 msec. according to 
Lullies). The electrotonic potential developed in the nerve, however, 
will subside with a certain time lag. 

Admitting that the first extra-wave may be elicited by a repeated 
immediate action of the stimulus, we can dismiss this possibility when 
referring to the second and third extra-waves, which, if they had 
approximately the same speed as the main wave, would begin about 5-9 
and 10-15 msec. after the start of the stimulus. 

From electrograms of crustacean muscles which were indirectly 
stimulated Wiersma [1933] deduced that a single induction shock of 
sufficient strength was followed by a multiple after-discharge. Actually — 
we observed irregular small oscillations of comparatively long durations 
after periodic stimulation with frequent induction shocks and after 
application of constant pulses of either direction (see Sections IV and V). 
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In contrast with this apparently asynchronous activity of various small 
bundles, the extra-waves had to be produced by an almost simultaneous 
onset of a large part of the trunk in equal or lengthening intervals deter- 
mined by the refractory period. Our measurements did not reveal such 
a rhythm, the intervals ranging from about 2-5 to 8 msec. without a 
progressive increase; these figures, however, might be vitiated to some 
extent by an incorrect determination of the very beginning of the extra- 
wa ves. 

Wiersma even supposed that the slow second wave observed by 
Monnier and Dubuisson in different crustacean nerves was due to a 
repetitive response which was propagated at a reduced velocity, since this 
wave was obtained only in connexion with the quick first wave. In Maia 
nerve the dependency of EF, and possibly of E on the main wave was 
apparently not absolute. Occasionally, with long conducting distances at 
low temperature this wave E, was higher than the reduced wave M. By 


double stimulation Lullies determined a proper absolutely refractory — 


period of 4—7 msec. for his first slow wave which had the same velocity as 
our Ei. In the non-medullated stellar nerve of Sepia the only slow wave 
maintained its height independently of the variations of the quick spike 
and sometimes was provoked alone [Bogue and Rosenberg, 1934]. 


All these facts support the assumption that E. is a genuine sign for the | 


activity of a particular group of fibres different from those generating the 
main wave, M. We suggest, therefore, the following conception: Ei is 
possibly a repetitive response produced during the persistence or at the 
disappearance of the primary electrical process set up in the nerve by a 
maximal induction shock, it may even become multiple with very strong 
and long shocks (see below). Its gradual augmentation or even repetition 
with increase of the stimulus explains the growing efficiency of indirect 
single shocks on the crustacean muscle which does not respond to a single 
impulse [Wiersma], and the variation of the muscular reaction in graded 
faradic stimulation [Pant in, 1934]. E (probably) and EF, (most certainly) 
are typical waves of separate fibre groups. 


(6) Diphasic conditions — 

In diphasic conditions, even with comparatively long leading-off 
distance (usually 18 mm.), the positive phase was much smaller than the 
negative and in many experiments hardly visible. It is impossible to 
compute the form of the diphasic wave from the monophasic curve re- 
corded at the same distance between stimulating pole and first leading-off 
electrode. The measured time interval between the negative and positive 
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maximum is considerably greater than the value calculated from the 
velocity and the duration of rise of the monophasic wave. Because of the 
temporal dispersion, and possibly the real decrement in height of the 
wave during its passage between the leading-off electrodes, a proper 
reconstruction of the second phase can only be made by deriving this 
positive phase from a monophasic curve which has passed through a 
distance equivalent to that between the n eee pole and the second 
leading - off electrode. 

It is misleading, therefore, to calculate the speed of propagation from 
the distance between the negative and positive maximum even for inter- 
electrode distances which are longer than the wave front [see Hill, 1934]. 
From our experience we cannot support this method recently recom- 
mended by Auger and Fessard [1934 ö], which may, however, be 
useful when applied to single axons or uniform bundles. Taking 3-5 msec. 
as a duration of the rise and 5 m./sec. as an average speed at room 
temperature, the wave front embraces 17-5 mm. length of the nerve. With 
this leading-off distance the rising part of the negative phase should not 
be distorted. We proved this assumption in shortening the leading-off 
distance from 18 to 8 and 2-5mm. The records obtained are shown in 
Pl. I, fig. 2. While the duration of the negative phase is reduced from 
II to 8 and 6 msec. respectively, the total duration of the rise, the height 
and other characteristics of the rising part of the negative phase are 
unaltered when changing from 18 to 8 mm. leading-off distance, only at 
2:5 mm. are the height and time relations of that part diminished. It 
seems, therefore, safe to make comparisons of the rising part of the 
negativity between monophasic and diphasic responses if the leading-off 
distance is greater than the critical length. 

The height of the negative phase is 2-5-3-5 mV. With regard to the 
monophasic value this difference suggests that KCl not only injures the 
treated end of the nerve, but apparently affects a greater length of the 
nerve than that intended. In addition the straight part of the negative 


tise is somewhat steeper, lasting about 0-8 msec., hence the gradient 


approaches the higher value of 2-5 V./sec. at 21° C. and 25 mm. distance 
(Pl. I, fig. 3). The other characteristics of the development of the 
negativity correspond to those under monophasic conditions. At 15° C. 
and 22 mm. distance all the durations were prolonged while the height 
was unaffected, the gradient of the straight rise of negativity was only 
half that at 21°C., namely 1-25 V./sec. Between 15 and 21°C. the 
temperature coefficient Oio for the total duration of rise was approxi- 
mately 2. With increase of the distance to 42 mm. at 15°C. the wave 
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spread out, the time relations prolonged, the height diminished and the 
gradient reduced to a third, namely 0-36 V./sec. 
These observations and those following with one specified exception 


concerned the upper part of the trunk of the Maia limb nerve. In order 


to obtain a shape of curve as near as possible to an axon-potential wave, 
we employed thin bundles of the lower part of this nerve as already 
described. The reduction of the diameter was evident from the increase 
in resistance to a weak direct current, While about 8 mm. length of the 
upper part of the trunk offered a resistance of 4000-8000w, the resistance 
of the isolated bundles might amount to 400,000w for the same length. 


Single stimuli, ranging from scarcely supraminimal to inframaximal 


strength, were provided by break shocks of a coreless induction coil, by 
more or less rapid condenser discharges and by infrequent weak constant 
current pulses, the two latter applied through non-polarizable electrodes. 
The leading-off distance was 8-5 mm., monophasic recording. 

In a certain number of preparations with an appropriate intensity of 
stimulus, particularly with break shocks of medium strength, smooth 
curves were recorded without manifest signs of phase difference or 
repetitive action (conduction length 15 mm.) (Pl. I, fig. 4). These curves 
begin with a sharp bend without a perceptible preceding step or slope and 
rise abruptly with only a slightly.marked S-shaped curvature to a pointed 
peak. The duration of the total rise is about 1 msec. The negativity now 
falls rapidly for about 2 msec. and then changes to a gradual decline 
which after another 1 msec. continues as an after-negativity for about 
30-60 msec. (as far as detectable in our records), i. e. the spike negativity 
persists at least for 4 msec. The completely monophasic spike was 
assumed to cease where its gradual decline bent more or less suddenly and 
joined the flatly curved after-negativity. The real duration might outlast 
the apparent end of the spike. The assumption that the negative tail does 
not belong entirely to the spike is based on the appearance of the after- 
potential during and after periodic stimulation. According to Monnier 
and Dubuisson, in the claw nerve of the American crab, Callinectes 
sapidus, when stimulated with inframaximal shocks, the rise required 
_ 1:35 msec. and the total negativity of the quick wave lasted for 3-6 msec. 
Similar values might be deduced from a record published by Barnes 
[1930] of a monophasic response descending probably in motor fibres 
from the cut end of the limb nerve of Cancer pagurus. 

Although the resistances of the bundles occasionally were of the order 
of the input resistance of the amplifier, 0-5 megohm, the submaximal 
peak potentials were usually considerably higher than the maximum 
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action negativity of the whole trunk, they might exceed 10 and even 
reach 15 mV.; maximum potentials approached 20 mV. This increase in 
potential is probably due to the diminution of the shunting fluid which 
_ surrounds the bundles of the trunk. A comparable result is brought about 
in the frog’s sciatic by replacing the conducting content of the interspaces 
by a non-electrolyte [Tanaka, 1925]. At the apparent start of the after- 
potential its height generally ranged from 10 to 20 p.c. of the spike 
negativity, higher values were exceptional. The size and the duration of 
the after-negativity seemed to depend partly on the magnitude of the 
spike response and partly on the condition of the nerve (see Section V). 
We missed again any trace of an after-positivity in monophasic conditions. 
With supraminimal stimuli, condenser discharges of approximately 
5 * 10 coul. and 20 msec. discharge time or with constant current 
pulses of about 5 * 10-7 A. and 50 x 10-* sec. duration, all the time rela- 
tions were abbreviated, the rise lasted scarcely 0-5 msec., the steep part 
of the fall for 1 msec. and the gradual decline for 0-5 msec., i. e. the spike 
negativity persisted for 2 msec. In some experiments the rise and steep 
fall formed the almost straight sides of an acute angle, resembling the 
supposed shape of the axon potential. The after-negativity, with an 
initial height of about 15 p.c. of the spike negativity, was traceable for 
10-30 msec. In the quickest components, separated by conduction over 
a great length of Maia nerve, Auger and Fessard [1934 a] found 
0-55 msec. for the rise and 2 msec. for the total duration of the spike. 
Even with comparatively weak induction shocks the curve often 
presented irregularities. Frequently the rise is discontinuous owing to a 
phase difference between the active fibre groups. Sometimes the course 
of the main wave is interrupted at short intervals by small peaks, occa- 
sionally forming a rapid sequence of oscillations. This phenomenon is 
particularly marked after conduction of the impulse over some length of 
nerve. In such a serrated curve the peaks were separated by the intervals 
0-68, 0-68, 0-62, 0-86, 1-60 and 1-23 msec. Since these intervals are smaller 
than the absolutely refractory period, the second and also the third 
wavelets cannot be due to repetitive responses of the same fibres. Even 
if we regard each fourth wavelet as a repetition of the corresponding 
preceding impulse, the intervals in this case being 1-98, 2-16, 3-09 and 
3-70 msec., at least three different fibre groups have to be active in turn. 
Similar types of composite waves occurred with condenser discharges of a 
time constant far below the absolutely refractory period (PI. I, fig. 5). 
Multiple responses to supermaximal induction shocks of an intensity 
twice or thrice that of the submaximal shocks of medium strength show 
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different characteristics. They appear as more or less separate waves with 
intervals, measured from peak distances, which are at least equal to the 
absolutely refractory period. For instance, in two series of this type the 
following intervals were observed: 2-50, 2-50, 2-50 and 2-96 msec. and 
266, 2-96 and 3-52 msec. respectively. It is very unlikely that the 
duration of the stimulus is as long as 10 msec., on the contrary, it is 
probably shorter than 2-5 msec. Presumably responses originating after 
this period, therefore, are not immediate effects of the electrical process of 
stimulation, but after-discharges generated by changes which outlast the 
stimulus proper (Pl. I, fig. 6). 7 


III. VELOCITIES OF THE MAIN AND EXTRA-WAVES 


Measurement of speed was done by stimulating with single maximal 
induction shocks at two different points which were about 25 and 45 mm. 
from the proximal leading-off electrode. Ifthe speed for the two distances 
is the same, then (a) the velocity of the propagation of the impulse suffers 
no decrement, and (b) the latency between the stimulus and the start of 
the impulse is negligible for the distances and durations involved. In 
certain circumstances, as in a cooled nerve, the conduction time for a 
short distance might be relatively greater, indicating a delay in the 
initiation of the impulse. In such cases the difference of the conduction 
times still yields the true interval for the passage of the impulse through a 
length corresponding to the difference of the two distances. This usual 
method, however, is only valid if the velocity is uniform. 

The change in shape due to temporal dispersion of the statistical wave 
with the accompanying reduction in steepness and height necessitates 
special care in the measurement, when the wave is propagated over a 
long distance. It can only be done if the base line is absolutely straight. 
There is increased difficulty in ascertaining the beginning of the relatively 
low extra-waves superimposed on a more or less curved line. (The 
recording system did not permit of an increase of the deflections.) 

In a number of experiments the speed of the wave M is identical for 
different distances within the limits of error. Occasionally, however, the 
conduction time for the long distance is relatively greater, suggesting a 
certain decrement in velocity. The average values of six experiments at 
21-1° C. under diphasic conditions were 5-29 and 5-15 m. /sec. for distances 
of 26-5 and 47 mm. respectively (see Table I). All the records in which the 
extra-waves were measurable showed no decrease, but even an apparent 
increase in the velocities, the differences being quite distinct in individual 
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experiments. This effect had to be expected if the extra-waves were pro- 
duced by repetitive responses or after-discharges in the same fibres, in 
which the main wave was set up by the stimulus. The result, however, 
might be due to a systematic error in measurement, caused by the im- 
proving separation of the waves during propagation, i.e. the speed deter- 
mined for short distances was presumably too slow because the first 
visible deviation did not coincide with the actual commencement of these 
waves. 


TaxX I. Velocity of the main wave “ M” and the extra waves Z, and E, (averages). 


Distance M E. E, 
mm. m. / seo. m. / sec. m. / sec. 
21˙1 26-5 5:29 2-09 1-39 
14.75 22 4-22 1-48 12 Diphasic 
20-4 46 5-12 2-26 1-81 
20-3 23 5°35 2-11 1-73 Monophasic 


In about half of our experiments the four waves were present whereas 
Lullies observed three and Bayliss, Cowan and Scott as well as 
Monnier and Dubuisson described only two waves. While the former 
authors used an inert instrument or a slow paper speed, both unsuited for 
a detailed recording, this explanation would not hold for the cathode-ray 
outfit used by the latter. Actually Monnier and Dubuisson found on 
several occasions three or four waves in the claw nerve of Callinectes 
sapidus (as shown in three of five records of the two reported experiments). 
They regarded the supernumerary waves as artefacts caused either by an 
anodic break excitation of strong induction shocks or by leading-off 
cross-sections of accidentally cut fibres. As we have explained, we also 
suppose that Ei is due to a repeated stimulation of the fibre group 
responsible for the main wave, and therefore have omitted to tabulate 
the corresponding velocities. Since a stimulus of sufficient strength and 
duration evokes a sequence of responses it is not necessary to refer 
exclusively to a break excitation which is obtained only with difficulty in 
crustacean nerves (see next section). For E, however, the consistency of 
the results does not seem to comply with an occasional factor such as 
might be provided by injuries in dissection. 

A comparison, relating the results of the workers quoted to our scheme 
(Table II), suggests that the slow waves obtained by Monnier and 
Dubuisson and by Bayliss, Cowan and Scott are not the same, but 
correspond to our extra-waves E and E, respectively. This explains the 
incongruity already perceived by Bayliss, Cowan and Scott. Lullies 
apparently observed Ea, and during the first stage of urethane narcosis 
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Tasxz II. Velocities of the main wave M and of the supposed type of extra-waves E, 
and E, in the experiments of Monnier and Dubuisson; Lullies; Bayliss, Cowan 
and Scott; Auger and Fessard. 


M . E, 
°C. m./sec. ./sec. m/sec. 
22-23 4-75 — (M D) 
23-25 3-7 x aia qui 
20-21 4-22-3-9 ? Maia squinado, and F) 
12 2˙5 1-0 — Maia squinado, Plymouth (B, C and 8) 


another wave of 0-5 m./sec. velocity. The M wave speed he measured 
was exceptionally low, probably on account of the inertia of the string 
galvanometer. Auger and Fessard [1934 ö] also demonstrated a slow 
second wave in diphasic records of crustacean nerves in which periodic 
activity was induced by contact with a crystal of sodium hyposulphite ; 
from their records it might be identified as Ei. 

Lullies attempted to correlate the different waves with fibre groups 
of different diameter. A comparison of the figures he obtained in Maia 
with the data relating velocity and fibre size in nerves of vertebrates 
[Bishop and Heinbecker, 1930] showed that the fibres of the same 
velocity are considerably thicker in Maia than in vertebrates. These 
fibres in vertebrates are medullated. From osmic acid preparations 
Lullies concluded that the fibres in Maia were also myelinated to a 
certain extent. Young [1935] proved that although the manifold layers 
of connective tissue which form the sheaths of the big Maia axons 
contain some fatty substances, a true myelin envelope was absent, there 
was also no trace of nodes. In a similar controversy about the alleged 
myelin in the pike’s olfactory nerve, Garten [1903] obtained exactly the 
same results as Young. The different waves, therefore, presumably 
originate in different groups of non-medullated fibres. Monnier and 
Dubuisson’s assumption that the slow wave belonged to motor fibres 
which innervated the slow portion of the muscle was rejected by 
Wiersma [1933] and Jasper [1935], who threw some doubt on the 
hypothesis of Keith Lucas [1917] concerning the duality of function 
in the crustacean neuro-muscular system. On the contrary, it seems that 
activity of thin sensory fibres is accompanied by slow waves [Barnes, 
1932; Jasper, 1935]. | 

In contrast with the mixed upper part of the limb nerve in Maia, the 
lower part consists mainly or even entirely of sensory fibres of small 
diameter [Y oung, private communication]. In thin bundles of this part, 
isolated as already described, we found a noticeably smaller maximum 
speed. In sixteen different bundles the velocities ranged from 2-52 to 
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4-12 m./sec. with an average of 3-54 m./sec. at 17-7° C. The slowness of 
the impulse was very probably not due to any injury inflicted on the 
bundle during preparation, since the wave was propagated without 
decrement in speed and the rate of conduction remained unchanged for 
1 hour. The activity of the quickest groups of these fibres obviously is 
included in the temporal development of the main wave generated by the 
proximal trunk, and contributes to the delay of the rise and of the summit 
of the main wave. Apparently the differences in duration of rise of the 
axon potentials in non-medullated crab’s and in medullated frog’s nerve 
(0-5 and 0-4 msec. respectively) are insignificant regarding the great 
differences of velocities in fibres of the same diameter. The differences in 
rate of rise, gradients about 40 and 70 V./sec. respectively, are also com- 
paratively small and, therefore, cannot constitute the only essential 
factors. The significance of these differences has to be reconsidered when 
other characteristics of non-medullated nerve, required for such an 
estimate, have been sufficiently established. : 


IV. CONSTANT CURRENT PULSES, HAND-OPERATED AND MECHANICALLY 
INTERRUPTED 


Applying a descending direct current of sufficient strength, direction 
of current relative to the position of the leading-off electrodes, Bieder- 
mann [1886] observed a permanent excitation originating at the cathode 
in the non-medullated visceral connective of Anodonta. With this direction 
of the current an excitation at break rarely occurred, whereas a similar 
ascending current usually yielded a break excitation. In the pike’s 
olfactory nerve only extremely strong currents evoke an excitation at 
break [Cremer, 1907]. During the flow of a current just above threshold 
strength the fibres of crustacean nerves produce a regular series of dis- 
charges, the frequency of which is augmented with increase of the current 
strength to a maximum limited by the refractory period [Jasper and 
Monnier, 1933]. Apparently this continuous rhythmic response is not 
an indispensable attribute of the myelin-free axon, since it seems to be 
almost absent in the pike’s olfactory nerve (Garten, 1903] and missing 
in non-medullated snail’s nerves [Lapicque, 1935], and also missing in 
the fin nerve of Sepia [Bogue, Rosenberg and Young, 1936]. It is a 
sign of the very slow accommodation of crustacean nerves, observed by 
Solandt [1935]. The accommodation of medullated nerves is con- 
siderably delayed at low temperature. In accordance with the supposed 
relation, a periodicity, lasting for several seconds during the current flow, 
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is developed in the medullated nerves of cooled frogs, as indicated by 
the make tetanus [v. Frey, 1883] and proved directly by neurograms 
[Garten, 1908; Fessard, 1935). 

In our experiments the applied potentials, ranging from 0-18 to 
1-33 V., about 80-90 p. c. of which dropped between the points of contact 
over 10 mm. length of nerve, elicited an irregular series of responses due 
to the interference of waves in different fibres. The true latency varied 
between 5 and 7 msec. for the lowest potentials. These oscillations con- 
tinued during the flow of the current, the duration of which was of the 
order of 30-70 msec., and generally outlasted the break of the current for 
a considerable fraction of this time. A distinct break excitation, however, 
was absent after the passage of a descending current with a few doubtful 
exceptions, and only occasionally present after comparatively strong 
ascending current, i.e. due to the disappearance of anelectrotonic condi- 


tions. With the lower potentials the mean negativity rose slowly to a 


fraction of 1 mV. during the passage of the current. Medium potentials 
evoked a swell of negativity in short steps, the quick fibre groups ap- 
_ parently responding to the currents in a sequence according to their 
different latencies. With higher potentials, if the current strength was 
sufficient to stimulate the majority of the quick fibres simultaneously, 
the negativity increased rapidly in form of the rise of the maximum 
action-potential wave. After a certain time a level of more or less steady 
negativity was attained which obviously was composed of superimposed 
waves. There was no genuine summation even in strong stimulation, 
since the maximum height of the level at the most only slightly surpassed 
the maximum of the single action potential. 

These common features showed certain modifications dependent upon 
the direction of the current. With comparatively strong descending 
current (catelectrotonic condition) after an initial rapid rise to a first 
maximum, the curve gradually reaches a second maximum which is 
maintained for the duration of the current pulse. With the same ascending 
current the initial rise is slower and longer; after the first maximum, 
which is attained with considerable delay, the negativity declines. This 


maximum of action negativity in anelectrotonus exceeds distinctly the 


first and nearly equals the second maximum in catelectrotonus (Pl. I, 
fig. 7 A, B). These changes, which were observed with interelectrode 
distances of 5-5 and 8-0 mm., were obviously caused by the interposed 
anode which delayed, broadened and enlarged the action-potential wave 
in the beginning and gradually blocked its passage during the course of 


the current flow—in accordance with observations on medullated nerves — 
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[Bishop and Erlanger, 1926; Schmitz and Schaefer, 1933]. With 
an interelectrode distance of 8 mm. there was no noticeable electrotonic 
displacement of the base line, whereas with a distance of 2-5 mm. the 
base line was raised in cat- and lowered in anelectrotonus. In these 
conditions the differences between the initial parts of the curves were 
enhanced, In catelectrotonus a slightly reduced first maximum of action 
negativity was added to the electrotonic negative potential shift. In 
anelectrotonus the action potential rose with the described shape from the 
new positive level to the absolute value of its original negative maximum, 
i. e. it was enlarged by the amount of the electrotonic positive potential 
shift. The additional positive charge, therefore, was almost completely 
abolished by depolarization of the membranes in excitation, while the 
passive reduction in positivity of the membranes results in a slight 
diminution of the initial active potential change. Subsequently the 
responses were subject to secondary alterations (Pl. I, fig. 7 C and D). 
In di- or monophasic conditions with distances of about 30 mm. 
between the leading-off electrodes the differences were comparatively 
small during the passage of the stimulating current. When the action- 
potential wave reached the second intact leading-off electrode in 
diphasic recording there was no marked fall of the negativity, with weak 
currents the mean negativity even continued to increase. After break in 
diphasic conditions, a positive phase appeared, the duration and amplitude 
of which increased with the strength of the stimulating current. But even 
in full development the positivity did not attain the value of the maximum 
negativity. The pronounced positive phase reached its summit in about 
10 msec, and approached the base line gradually in about 50 msec. This 
phase was not due to any polarization, since it followed the application of 


ascending as well of descending currents. It disappeared entirely after 


injury of the distal end of the nerve, it was therefore caused by a pro- 
longed negativity in the region of the second leading-off electrode. 

This general description is illustrated by an analysed record (Pl. II, 
fig. 8) obtained with a descending current of medium strength. A potential 
of 0-67 V. was applied to electrodes 1 and 2 at the peripheral region of the 
nerve, the proximal leading-off electrode 3 was placed 55m. from 
electrode 2, and the distal leading-off electrode 4 was connected with the 
intact central region. The true latency and the velocity of the action- 
potential wave were calculated from two records with different positions 
of electrode 3, i.e. with different conducting lengths. In the record the 
stimulus, make of current, commences at O; after a latency of 1-36 msec. 
the first action potential starts at A, reaches the first leading off electrode 
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3 at B after a conduction time of 1-81 msec., and the second leading-off 
electrode 4 at C after a conduction time of 9:76 msec. The stimulus 
ceases at D when the current is broken after a flow of 27-4 msec. The 
action potential originating at this instant reaches electrode 3 at E after 
a conduction time of 1-81 msec., equal to that of the first impulse. Now 
electrode 3 loses its negativity when the spike of this wave has passed 
and now approaches electrode. 4, which is reached shortly after the 
maximum positivity at V and after a conduction time of 9-76 msec. Some 
rhythmic activity of the nerve persists after E for at least 12 msec. The 
positivity now gradually declines, and the curve reaches the base line 
after another 53 msec. It is obvious that none of the submaximal single 
waves produce the large positive phase with its marked summit since 
with this leading-off distance even a maximal diphasic action potential 
shows no comparable second phase. In monophasic records, the other 
conditions being identical, the negativity declines very gradually after 
break of the current (Pl. I, fig. 7). This negative retention probably 
resaits in the positive phase when the retention is decaying at the intact 
distal part, with a delay approximately corresponding with the conduc- 
tion time between the leading-off electrodes. It will be shown that the 
positive phase has a considerable decrement in height during conduction. 
A combination of these factors might give a fair explanation of the 
diphasic curve. 
_ A shift of the mean negativity and a positive phase were also obtained 
by interrupted stimulation with frequent constant current pulses, the 
duration of flow and interval being almost equal. With comparatively low 
potentials (e.g. 0-4 V., 140/sec., duration of each make being 3-57 msec. 
or 0-67 V., 350/sec., each 1-43 msec.) after the first shocks of the series a 
few fibres only respond, the number of active fibres increased considerably 
during stimulation until a fairly steady state was reached (Pl. II, fig. 9). 
The mean deflection of these oscillations, diphasic recording, was about 
1 mV. above the base line. In these circumstances therefore the number 
of excited fibres was fairly constant only after a certain time. This 
phenomenon might affect the results in indirect muscle stimulation with 
constant current pulses of apparent threshold strength, in addition to the 
possibility of repetitive nerve responses with pulses beyond a certain dura- 
tion [Jasper], and complicate the mechanism of summation. This is not 
contrary to Katz 's [1936] statement that facilitation of muscle response 
does not depend on local summation in nerve (limb nerve of Carcinus). 
With stronger stimulation, e. 9. 1 V., 200/sec., 2:5 msec. each, de- 
scending current, a plateau was formed with superimposed waves in the 
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rhythm of the pulses. At this frequency the first (submaximal) wave had 
not returned to the original base line when the second excitation occurred, 
thus each following wave rose from a higher level of negativity, namely 
that left behind by the preceding waves. While the level of maximum 
negativity (“crest” Gasser) increased, the height of the waves (spikes) 
decreased until a certain equilibrium was established, finally due to the 
rapid sequence of the stimuli, a part of the fibres failed alternately. There 
was no definite excitation at break of the stimulation. The positive phase 
after break which was present in diphasic conditions was abolished when 
the nerve was killed at the distal leading-off region, the negativity 
smoothly and slowly falling to zero (Pl. II, fig. 10). Within the time 
limits recorded, about 100 msec., no other after-positivity was observed. 

As Gasser [1935 ö] has pointed out, for the ascertainment of the 
development of an after-potential during periodic stimulation and for the 
interpretation of its influence on the shape of the curve, the interval 
between the stimuli must reasonably exceed the absolutely refractory 
period. In stimulation by constant current pulses the interval left to the 
nerve for recovery is only definite when the quickest fibres are excited 
by threshold stimuli. With stronger stimuli, during the single pulse 
different fibre groups are activated in succession and cause an extension 
of the negativity. If, in addition, the frequency of stimulation is in- 
creased until the interval between the actual end of action of the previous 
and the start of the following pulse approximates the absolutely refractory 
period of a part of the active fibres, the responses are lengthened due to 
augmented latency and protracted conduction. At suitably high fre- 
quencies a number of fibres alternate and finally the majority of the 
axons interfere in action, producing an almost permanent negativity 
which may be superimposed on the essentially different negative after- 
potential, With regard to the difficulties in mechanical generation of a 
regular series of rectangular shocks of very short duration, a stimulation 
by induction shocks or rapid condenser discharges, as used by Gasser, 
is preferable for this problem. | 


V. PERIODIC INDUCTION SHOCKS 


(a) Lower frequencies | 

Because of the long persistence of the action negativity in Maia nerve, 
distinct effects are already obtained with the usual faradization. If 
break shocks only are effective with a frequency of 59/sec., the single 
shocks are spaced by 17 msec. With the unfavourable assumption that 


: 
1 
E= 
* 
* 
* 
A 
F. 
¥ 
& 
4 
4 
at 
7 
4 
a 
* 
* 
i 


174 J. T. BOGUE AND H. ROSENBERG 


the excitation requires 2 msec. from the start of the stimulus, 15 msec. 
are available for recovery. This interval is 6-10 times the absolutely 
refractory period of the quick fibres. 

With this frequency there may be no definite change in the base line 
and height of the first few diphasic responses in a fresh nerve, indicating 
that the relatively refractory period is shorter than the interval of the 
stimuli (Pl. II, fig. 11). After a few responses the base line gradually 
shifts from zero to negativity, and the spike height, as measured from 
base line to peak, may decrease correspondingly. In this way the level of 
maximum negativity is fairly maintained, slight variations are probably 
due to occasional changes in the strength of the stimuli. When a transitory 
steady state for the spike height is reached, with increasing after- 
negativity, the crest attains a negativity even slightly higher than that of 
the initial spike negativity. This evolution happens within 1 min., the 
negative shift of the base line touching the order of 0-5 mV. After some 
short periods of stimulation, of the order of 0-1 sec. with similar intervals, 
the second spike may already originate from an enhanced negative level 
and be adequately reduced in height, both features eventually con- 
tinuing unaltered for a certain number of responses. It seems, therefore, 
that the part of the excitatory process which corresponds to the spike 
potential, does not exhibit supernormality in non-medullated nerves of 
invertebrates as is also the case in medullated nerves of vertebrates 
[Graham, 1934; Gasser, 1935a]. These at present inconclusive deduc- 
tions from diphasic records are made possible by the decremental conduc- 
tion of the slow fraction of the negativity; unfortunately monophasic 
responses were not recorded at this rate of stimulation. 

With continual stimulation the spike responses progressively deteri- 
orate, after 2-3 min. they are diminished to one-third of their initial size, 
apparently without a further increase of the after-negativity; after 
another 2 min. only small responses, sometimes of irregular height, are 
evoked. Following break of an exhaustive stimulation no after-positivity 
occurs in diphasic conditions, i. e. the two leading-off regions are de- 
polarized to the same extent. During an interval of 0-5-1 min. the nerve 
recovers sufficiently to respond with spike deflections of about two-thirds 
of their original height (Pl. II, fig. 11). Shocks of appropriate distance 
and strength may excite initially at break only; after a few responses, 
however, a minute make impulse is also set up, which, in the course of 
further stimulation, develops to its full height, e.g. about one-half that of 
the break response. Obviously the excitability of a section of the fibres 
has been raised as a result of effective stimulation, suggesting the 
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appearance of a supernormal phase simultaneously with the gradual 
negative shift of the base line. This correlation between supernormality 
and after-negativity is an established fact in medullated nerve [Gasser 


and Erlanger, 1930]. 
(6) Higher frequencies 
If the intervals between the stimuli exceed the absolutely refractory 
period sufficiently, in submaximal stimulation the curve rises in steps 


according to the frequency of the break shocks. After the initial gain, 


the height increases slowly to a level which is either maintained or even 
gradually raised during each period of stimulation of 0-05-0-1 sec. dura- 
tion with similar pauses. Occasionally the crest negativity declines after 
passing through a maximum. Although with maximal shocks the curve 
starts in the form of a maximum single wave, the rise frequently continues 
for some time, attaining an excess negativity, ¢.g. 20 p. c. of the spike 
height. Sometimes the second superimposed wave yields the maximum, 
after which the negativity slowly diminishes. At a frequency of about 
200 break shocks per sec. a large number of the fibres usually continue to 
respond regularly to each stimulus. This condition is distinct in mono- 
and diphasic recording (Pl. II, figs. 12 A, 13 A) and particularly expres- 
sive in diphasic recording with short leading-off distance, 2-5 mm. In 
this procedure, however, the development of the full negativity is de- 
pressed, although the curve remains above the abscissa between the 
peaks (Pl. II, fig. 13 B). In monophasic recording at the same frequency 


the curve soon merges into a steady plateau owing to the slow decline of 


negativity in the individual responses of the whole trunk (Pl. II, fig. 13 C). 
At a frequency of about 400 break shocks per sec., after a few regular 
responses the fibres cease to work in phase, their interference results in a 
crest of irregular small oscillations in diphasic recording, and generally in 
a smooth plateau in monophasic recording (Pl. II, figs. 14 A, 12 B). At 
times an alternating rhythm is established. During frequent stimulation, 
therefore, the refractory period augments, but usually does not surpass 
4 msec. In spite of the high frequency, the negativity may maintain or 
even increase its level for several seconds; after 0-5-1 min. of continual 
stimulation, however, it is reduced to a fraction, e.g. one-tenth of its 
original maximum (Pl. II, fig. 14 C, D). When after the end of stimulation 


the conduction time has expired, the diphasic curve turns into a large 


positivity which often reaches.60-70 and occasionally nearly 100 p.c. of 
the preceding negativity. After sustained stimulation this effect is almost 
abolished (Pl. II, fig. 14 A, D). The positive maximum is attained within 
about 10-15 msec. after which the positivity subsides within 30-70 msec. 
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(Pl. II, fig. 15). This description refers to short conducting distances of 
about 20mm. If this distance is doubled, the positive phase is enor- 
mously reduced in height, e.g. from 95 to 21 p.c. of the corresponding 
negativity, and is also considerably reduced in duration. The negative 
crest is often almost unimpaired or only slightly diminished in diphasic 


as well as in monophasic records (Pl. II, fig. 14 A, B). This difference 


suggests a great decrement in conduction of the after-potential. In 
monophasic records the approximate restitution of the membrane 
potential requires 40-90 msec. without any sign of after-positivity (with 
comparatively low amplification). The smooth curvature of the decline 


contradicts the assumption that an after-positivity is masked by the 
after-negativity. 


Frequently on the falling part of the curve small after-discharges are 
superimposed for a considerable time, 20-30 msec. ; occasionally they are 
larger than the irregular crest waves, although a proper rhythm is sug- 


gested only here and there (e.g. Pl. II, fig. 14 B). After make-and-break 


shock application, polarization cannot possibly account for the after- 
discharges. Whether they are due to a transitory activation of background 
excitation at injured spots (Schaefer and Schmitz, 1933; Gasser, 
1935 6], or whether they are due to liberation of a substance which, until 
it is dissipated or destroyed, irritates the scarcely adapting nerve, we 
cannot at present decide. 

During periodic application of frequent stimuli, the transmission is 


decelerated at the onset of the following burst, although during the 


interval following the preceding burst the curve has almost reached the 

zero line. Apparently some sort of equilibrium is established, since the 

velocity is almost constant for a few seconds of periodic stimulation and 

nearly identical in different records from the same nerve. The speed of the 

first wave is slightly in excess of 4 m./sec. at 21° C., it is about 20 p. c. 

slower than that obtained with single shocks in the same nerve. Usually 
there is no decrement in speed for distances up to 50 mm. In medullated 

nerves, frog’s sciatic and dog’s phrenic, following 15 min. faradization 

with 300 stimuli per sec., a steady state is reached during which the 
velocity is reduced by about 30 p.c. [Gerard and Marshall, 1933]. The 
difference in resistance to fatigue is evident. 


SUMMARY 


The „ wa ves of the Maia limb nerve were investigated 
by means of a direct-coupled amplifier and mechanical „ 
using single and — stimuli. 
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The waves obtained in the upper part of the mixed trunk with single 
induction shocks showed a low peak potential of about 3 mV., a relatively 
slow rise, 3-4 msec., and a gradual decline of the order of 40 msec. 

With maximal single stimuli three extra-waves were generally super- 
imposed on the main wave. The first is possibly a repetitive response due 
to the immediate action of the stimulus. The second and third extra- 
waves are regarded as due to activity of separate fibre groups. 

In the thin sensory bundles of the lower part a simple wave was 
obtained with break shocks of medium strength. This wave rises in 
I msec. to its peak value of 10-15 mV. The negativity declines rapidly 
for 2-3 msec. and continues as an after potential for 30-60 msec. The 
maximum peak negativity reached 20mV. With stimuli just over 
threshold, the rise lasted 0-5 msec., the decline for 1-5 msec., and the 
after-negativity for 10-30 msec. (monophasic conditions). | 

In the trunk the average speed of the main wave is 5-3 m./sec., that of 
the second and third extra-waves 2-1 and 1-4 m./sec. respectively at 
21° C. In thin bundles the average speed was 3-5 m./sec. at about 18° C. 
In general the velocity showed no decrement. 

Constant current pulses of about 005 sec. duration produced 
rhythmic excitation, the features of which were analysed under various 
conditions. The break of the current was followed by a large positivity in 


diphasic records, which in monophasic records was replaced by a long 


negativity. Similar results were obtained with frequent constant current 
pulses, which with appropriate strength produced local summation. 

With periodic induction shocks of lower frequencies, 60/sec., a per- 
sistent after-negativity was gradually developed, accompanied by a 
certain reduction in spike height. Simultaneously a transitory state of 
supernormal excitability was established. After 2 or 3 min. of continual 
stimulation the nerve was exhausted, but partially recovered within 
J min. With higher frequencies the negativity rose to a more or less 
steady level. With frequencies up to 200/sec. regular waves were super- 
imposed following the rhythm of the stimuli, while with 400/sec. re- 
sponses became irregular. During stimulation the velocity of propagation 
was reduced by about 20p.c.- 

After break of the stimulation with pulses or shocks, in diphasic con- 
ditions, a marked positivity occurred which showed decremental conduc- 
tion with distance, and which was almost completely abolished in fatigue. 
As a consequence of strong stimulation the nerve often produced after- 
discharges which apparently were not an immediate effect of the 
stimulus. | 
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EXPLANATION OF PLATES | AND I! 


PLArR I 


10 msec. time interval indicated on all records. Read from left to right unless otherwise 
stated. 3 
Fig. 1. 20°C. monophasic (KCl). Maximal induction shock, interelectrode distance 22 mm.; 
leading-off distance 18mm, Peaks of main wave and of first extra-wave almost merged 
into one summit, Negativity of main wave 2-04 mV, 13, ix. 34, 


| Fig. 2. 17°C, diphasic. Maximal induction shocks. Interelectrode distance 22 mm.; 
leading-off distance (A) 18, (B) 8, (C) 2-5 mm.; — e wave (A) 3-32, 
(B) 3-48, (C) 2-44 mV. 25. ix. 34. 

Fig. 3. 18-6°C. diphasic. Maximal induction shock. Interelectrode distance 32 mm.; 
leading-off distance 10 mm.; negativity of main wave 3-64 mV. 3. ix. 34. 


Fig. 4. Thin bundle from lower part of limb nerve. 18-6°C. monophasic (heat). Sub- 
maximal break shock. Interelectrode distance 15 mm.; leading - off distance 8-5 mm.; 
resistance 173,000w; spike negativity 12-4 m.; initial after-negativity 1-84 mV. 
(148 p.c. of spike height). 21. ix. 35. Read from right to left. 

Fig. 5. Thin bundle from lower part. 18-5° C. monophasic (heat). Distinctly submaximal 
break shock. Interelectrode distance 35 mm.; leading - off distance 8-5 mm.; resistance 
93,000w; interfering wavelets. 25. ix. 35. Read from right to left. 


Fig. 6. Thin bundle from lower part. 17:8° C. monophasic (heat). Strongly supramaximal 
break shock. Interelectrode distance 15 mm.; leading-off distance 8-5 mm.; resistance 
320,000w; repetitive responses. 25. ix. 35. Read from right to left. 

Fig. 7. 18° C. monophasic (KCl). Constant current pulses, about 30-40 msec., break visible 
on curves. Leading-to distance 10 mm., about 0-75 V. between points of contact. 
(A) and (C) descending, (B) and (D) ascending current. (A) and (B) interelectrode 
distance 8 mm.; leading-off distance 28mm. (C) and (D) interelectrode distance 
2-5 mm.; leading-off distance 33-5 mm. 24. ix. 34. 


PLATE II 


Fig. 8. 215 C. diphasic. Electrode scheme, p peripheral and c central end of nerve. 
Constant current pulse 0-67 V., 27:4 msec., O make, D break of stimulus. For further 
description see text. 3. ix. 34. 

Fig. 9. 23-8° C. diphasic. 348 rectangular pulses per sec., shock (upwards) and interval 
(downwards) of almost equal duration. 0-67 V. descending current. Leading-to 
10-5 mm.; leading-off 35 mm.; interelectrode distance 24mm. Initial deviation 
probably due to slow catelectrotonic — For further details see text. 
8. ix. 34. 

Fig. 10. 18-8°C. monophasic (KCl). 207 rectangular pulses per sec, 1-0 V. descending 
current. Leading-to 10-5 mm.; leading-off 30-5 mm.; interelectrode distance 5-5 mm. 
Interference due to commutator shown along the decline. 23. ix. 34. 


Fig. 11. 21° C. diphasio. Faradization, 59 break shocks per sec. Coil distance 10 cm.; paper 
speed 28 om. see. Leading-off distance 15 mm.; interelectrode distance 25 mm. 
(A) Base line before stimulation, 4 first stimulus, 1-8 first eight responses, E last 
response. (B) After another minute of continuous stimulation. (C) After 4-5 min. 
and end of stimulation. (D) Recovery 0-5 min, later. 4. ix. 34. 
12—2 
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Fig. 12. 20-5° C. monophasic (KCl). Interelectrode distance 22 mm.; leading-off distance 
18mm. (A) 207 make-and-break induction shocks per sec. Maximum negativity 
2-34 mV. (B) 430 shocks per sec.; maximum negativity 2-40 mV. 14. ix. 34. 


Fig. 13. 17°C. 207 make-and-break induction shocks per sec. Interelectrode distance 
22 mm. (A) Diphasic, leading - off distance 18 mm., large positive phase. (B) Diphasic, 
leading-off distance 2-5 mm., small positive phase. (C) Monophasic (KCI), leading-off 
distance 18 mm., no positive phase. 25. ix. 34. (Same nerve as in Fig. 2.) 


Fig. 14. 17-2-17-8° C. diphasic. 482 make-and-break induction shocks per sec. Leading- 
off distance 18 mm. (A) Interelectrode distance 22 mm.; gativity 2:18mV_.; 
positivity 1-17 mV. (B) Interelectrode dist 42 mm.; gati ity 2-48 mv.; 
positivity about 0-1 mV. (C) Slower paper speed, interelectrode distance 22 mm., 
continuous stimulation; beginning (for 2-5 sec.) and (D) end after 45 sec. Negativity 
gradually rising to 280 mV. and finally dropping to 0-23 mV. Positive phase 0-16 mV. 
12. ix. 34. 


Fig. 15. 16°C, 207 make - and-break shocks per sec. Interelectrode distance 22 mm.; 
leading · off distance 18 mm. (A) Diphasic, maximum negativity 2:42 mV., positivity 
2-20 mV. (91 p. c.). (B) After ether. Base line with and without stimulation during 
continuous running of commutator, start of stimulation ee regular 
intervals. Same amplification as (A) 1 mV.=6°3 mm. 12. ix. 34. 


Figs. 1 and 3 to 6, reduced to , Figs. 2 and 7 to 15 reduced to }, 
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ACTION OF ADRENALINE ON THE 
PERFUSED LIVER 


By JOHN L. D’SILVA 
(From the Department of Physiology, King’s College, London) 
(Received March 13, 1936) 


_ Iw a previous communication [D’Silva, 1936] it was shown that in- 


jection of adrenaline into a cat’s liver perfused with van Dyke and 
Hastings’ [1927-8] solution resulted in the immediate liberation of a 
considerable amount of potassium. In the present paper this reaction 
has been more fully investigated. 


„„ 


The likes procedure was identical with that described previously 
[D’ Silva, 1936]. The cannula in the portal vein was connected with an 
apparatus as shown (Fig. 1), which enabled perfusion to be established 
with either of two solutions, supplied through A and B, with the minimum 
of dead space between the end of the thermometer and the point of 
entry into the liver, under identical conditions in each case. The limbs 
A and B were at a considerable angle to the tube bearing the thermometer 
in order to prevent more than the minimum amount of mixing of the 
solutions, in B for example when limb A was operative. The use of one 
thermometer simplified the apparatus and technique. Screw clips on the 
rubber tubes connected with A and B were used to adjust the rate of 
flow. 

The perfusion fluids were conducted from their containers (which in 
the case of the less viscous, like van Dyke and Hastings’ fluid, was at 
a pressure of about 25 cm. of water and for the more viscous, like blood, 
at a pressure of about 40 cm. of water) through glass spirals maintained 
in a large heated water bath. Temperature control was obtained by 
moving the position of the burner (with its flame turned low) so as to 
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correspond with the spiral which was in use at the moment. The tem- 
perature never varied over a range of more than a degree, and was 
usually, in the oourse of the experiment, constant to within half a degree. 
The animal was kept warm and the median incision through which 
the organ was reached was closed. Under these conditions it was found 
that when the thermometer registered 38-39 C., the temperature of the 
perfusate was about 37-5° for rates of flow of 40-80 c.c. per minute. 


Fig. 1. 


The most convenient distance between the thermometer bulb and 
the portal vein was about 9 in. This allowed sufficient room for mani- 
pulation and the insertion of the cannula. 

The inorganic perfusion fluid (F) generally used had the following 
composition: NaHCO, 0-252 p.c., NaCl 0-596 p.c., KCl 0-045 p.c., CaCl, 
0-005 p. o., MgCl, 0-010 p. o., 9-05 C. C. of N/15 Na,HPO, and 0-95 C. c. of 
N [15 KH,PO, per 100 C. o., slight variations in the amount of potassium 
being sometimes introduced for definite purposes as referred to below. 
The solution was prepared for experiment by oxygenation or not as 
desired and its pH was determined and adjusted to 7-8 by addition of the 
appropriate phosphate solution. A very small amount was sufficient 
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and must have had no appreciable effect on the total molal concentration 
of the fluid. The materials were of A.R. purity and were dissolved in 
distilled water. 

Cats anesthetized with ether and chloralose were used. Prior to the 
operation, the anesthetized animal was rested for an hour, during which 


time a considerable amount of the ether was blown off from the lungs and 


the animal settled down. The various ligatures were then placed in 
position [D’Silva, 1936] and a further rest of about 20 min. given so that 
the final stages could be undertaken under the best available conditions. 
Perfusion was always established within a few minutes of interrupting 


the blood supply to the organ. 


The analytical method for potassium was that due to Kramer and 
Tisdall [1921], as modified by Hubbard [1933]. Adrenaline was in- 
jected between the thermometer and liver. 


ACTION OF ADRENALINE ON A LIVER PERFUSED WITH (T) 


After perfusion had been established some 3-5 min. were allowed, 
during which time the major portion of the blood contained in the organ 
was washed out. The volumes of perfusate obtained during successive 
minutes were determined and found not to vary by more than 3 c.c. per 
minute. Injection of adrenaline, 0-2 mg. in 1 c.c. of saline, always 
produced a diminution in the rate of flow as shown in Table I. In a 


Tags I. Action of 0-2 mg. of adrenaline on a liver perfused with (F) 
| Concentration of potassium 


Vol. of outflow o. ./ min. in outflow mg./100 c. o. mg. 

After Af 

Exp Before adrenaline Before adrenaline in 1 min. 
1 73 50 17˙2 26˙2 4˙5 
2 103 86 19-4 25-4 5-1 
3 79 54 18-8 24-7 3-1 
4 85 69 19-8 29-5 6-7 
5 65 54 21-6 28-4 3-6 
6* 52 60 18-8 21-5 1-6 


* Inflow through inferior vena cava. 


few cases the alteration was considerable. In Exp. 6 the direction of 
perfusion was reversed, i. e. the fluid entered the inferior vena cava and 
flowed out of the portal vein. In this experiment adrenaline caused an 
increase in the perfusion rate, and it may be-noted that the liberation of 
potassium was much less than i in any of the other experiments. 

The concentration of potassium in the fluid escaping from the hepatic 
vein was determined immediately before and at suitable intervals after 
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the injection of adrenaline: from the difference between these concen- 


trations and the rate of flow the amount of potassium liberated in a 
minute was calculated. It was established that in experiments of short 
duration, up to 10 min., the escaping fluid had sensibly the same con- 


centration of potassium as the inflowing fluid, whether this had blood 
added to it or not, if no adrenaline was given. The method adopted 
involved much less disturbance in the perfusion system than if a sample 
of fluid was removed at any point immediately in front of the liver. 


The amounts set free were not constant and bore no relation to the 


concentration of potassium in the perfusion fluid which was deliberately 
altered by slightly adjusting the composition of the fluid (V). 

Duration of the action of adrenaline in a liver perfused with (F). 
Table II shows the amounts of potassium liberated in successive minutes 
following an injection. It is apparent that the reaction was very rapid 


liberated in successive 
after one injection 
Control Vol. in o. c. of perfusate in Total of mg. of 
outflow r Ist 
Exp. e. 0c. / min. Ist 2nd 3rd 2nd min. _ injected 
1 72 5-1 (60) 0 (64) — 0-8 (64) 5-1 0-1 
2 4-5 (50) 0-9 (50) — 0-2 (60) 5-4 0-2 
3 103 5-1 (86) 1-3 (90) 0-9 (93) 6-4 0-2 
a 79 3-1 (54) 1-3 (58) — 1-0 (64) 4-4 0-2 
5* 64 3-9 (70) 1-6 (58) 1-1 (66) 5-5 0-2 


* 0-1 p.c. of glucose added to the perfusion fluid. 


and was almost completed during the first minute, the amount set free 
during the second minute being but a small fraction of that liberated in 
the first. The figures indicating the potassium changes during the third 
minute gave no information apart from showing that the reaction had 
terminated, except in Exp. 5, in which the fluid contained glucose and 
the reaction lasted longer. The total amounts of potassium liberated are 
no more nearly constant than when the figures for the first minute only 
are considered. Further, 0-1 mg. produced as large an effect as 0-2 mg. 


EFFECT OF SUCCESSIVE DOSES OF ADRENALINE 


At intervals of 5, 10 or 15 min., a second, and in three cases a third, 
injection was given with the result that the amount of potassium 
liberated was much smaller after the second injection than after the 
first, and still smaller after the third (Table III). In those experiments in 
which the perfusate was collected during 3 min. after injection, the 
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Taste III. Effect of successive doses of adrenaline on : 


a liver perfused with (F) 
Total potassium in me. liberated by successive 
injections of 0- 2 mg. adrenaline e Period of 
First Second Third between in min. after 

Exp. injection injection injection injections injection 
1 5-4 0-2 — 5 3 
ay 73 1-5 — 10 3 
3 4-4 1˙1 1-0 10; 10 3 
5 6˙7 2-4 — 10 1 
5 3-6 0 — 15 1 
6 8-0 2:1 0-8 10; 10 1 
7 5-1 2-2 -0-3 15; 15 1 
8* 6-6 4-3 — 15 3 


* 0-1 p. e. glucose added to the perfusion fluid. 


amounts of potassium liberated in each separate minute were deter- 
mined. The sum of these figures is given. In Exps. 4, 5, 6 and 7 the 
reaction was almost complete in the first minute after injection (cf. 
Table II). Only in Exp. 8 in which the fluid contained glucose, as in 
Exp. 5, Table II, was any potassium liberated during the third minute. 
In this case too the second dose of adrenaline liberated 65 p.c. as much 
as the first, as compared with at most 43 p.c. in the other experiments, 
and during the third minute after this second injection there was 1-0 mg. 
of potassium liberated. 


INFLUENCE OF BLOOD ON THE LIBERATION OF POTASSIUM BY ADRENALINE 


The blood used in these experiments was freshly drawn defibrinated 
ox blood. Before use it was centrifuged to ensure that there was no 
hemolysis and was filtered through glass wool to remove small masses 
of fibrin which had escaped removal previously. It was then well stirred 
and added in varying proportions to the fluid (F) buffered at pH 7-8. 
The mixture was oxygenated with oxygen containing either 5 or 7 p.c. 
CO,, this variation not affecting the result. 

The technique of conducting the experiment was the same as with 
saline. Immediately after the experiment the samples of blood were 
centrifuged and the corpuscles separated to be certain that there would 
be no transfer of potassium from them to the fluid in which they were 
suspended. 

The amount of potassium liberated when blood was used for the 
perfusion was, as a rule, well in excess of that liberated when it was not 
(Tables IV and I), although increase in the proportion of blood did not 
necessarily lead to a corresponding increase in the amount of the base 
liberated. | 
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Tax IV. Effect of 0-2 mg. of adrenaline on a liver perfused with blood 


mg. excess p. o. 388 
After potassium Composition of 
Exp. Before adrenaline in outflow on Bud oxygenating gas 


1 68 65 12-3 25 

2 73 60 9-0 25 95 O,, 5 CO, 
3 75 68 5-8 66 | 

4 74 66 10-4 100 93 0,, 7 CO, 


With successive doses of adrenaline, unlike the results obtained in 
the absence of blood, the second and third responses to the drug were 
quite considerable, although even now not always as large as after the 
first injection (Table V). When the perfusion fluid contained 25 p. c. by 


TaRLx V. Effect of successive injections of adrenaline on a liver perfused with blood 


potassium liberated Time in p. o. by 
after 0-2 mg. adrenaline i Duration vol. of 
of blood Composition of 
Exp. First Second Third injections in in fluid oxygenating gas 
1 9-0 6-8 5, 5, 5 1 1 
(4th 5-9) 95 O,, 5 CO, 
2 ws i118 — 15 1 25 
$ hs 9-5 5-0 15, 15 2,1 66 
4 28 23-6 —— 10 5, 5 100 93 O., 7 CO, 
5 269 185 — 10 6, 6 00 


volume of blood and the injections were given at intervals of 5 min. the 
response to the second, third and fourth were less than to the first 
injection, but nevertheless showed no marked tendency to diminish to 
zero (Exp. 1). When 15 mins. were allowed between two injections (Exps. 2 
and 3), the second response was almost as large as the first. In Exps. 4 
and 5 the perfusion fluid was blood alone, and, although the second 
response in Exp. 5 was somewhat different from the first, it should be 
added that the influence of the injection in decreasing the rate of per- 
fusion was much greater than in Exp. 4, and so 6 min. may not have been 
long enough to collect all the base set free. The effect on the rate of 
perfusion is accentuated with successive injections and very probably 
immobilizes (as a result of constriction) some of the potassium-con- 
taining fluid, which is thereby not collected and is undetermined. 


INFLUENCE OF PERFUSING ALTERNATELY WITH (F) AND BLOOD 
Perfusion was established with (F) as described previously. When the 
major portion of the blood in the organ was washed out (3-5 min.), (F) 
plus blood, well oxygenated, was used as the perfusion fluid in an attempt 
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to compensate to some extent for the enforced asphyxiation of the organ 
whilst the cannule were being inserted. After 5-10 min. (F) alone was 
used, Usually 3 min. were necessary before a nearly clear perfusate was 
obtained. It could never be obtained quite free from blood. Adrenaline 
was injected at this stage and the potassium liberated determined in the 
perfusate. Blood plus (J) was again used for a given time and the above 
procedure was repeated. In this way the potassium liberated in response 
to successive doses of adrenaline was obtained under conditions identical 
with those described in connection with Table III, except that in the 
interval between injections blood was introduced into the perfusion 
fluid. 
Taste VI. of adrenaline en liver perfused alternately with (F) 
and blood. Drug given when (J) was the fluid 


. potassium liberated Time i c. | 
— 4 0-2 mg. adrenaline 1 Duration vob 
Exp. Ist 2nd 3rd 4th _ injections 
1 | 1 HV 5,10,10 1, 1, 1, 1 
2 83 61 54 36 15,1515 1, 1, 1, 1 66 100 Pe. 
The results recorded in Table VI are somewhat irregular, although 
they are in marked contrast with those in Table III and show a definitely 
enhanced potassium response to the second and third injections. 


Discussion 


That the failure of the second and third injections of adrenaline to 
produce any appreciable liberation of potassium from a liver perfused 
with saline (cf. Table III) was not due to death of the organ, was shown 
by its recovery of the power to liberate the base when blood was sub- 
stituted for saline (cf. Tables V and VI). 

No more than a very small amount of oxygen is required for the 
initiation of the reaction which leads to the liberation of potassium, 
but the fact that much more of the base is liberated when blood is in- 
corporated in the perfusion fluid suggests a possible role for oxygen in 
this reaction. It may, in fact, be said that the liberation of potassium 
has some resemblance to the liberation of muscular energy in its de- 
pendence upon previous metabolic recovery. The results are not due 
merely to the hemolysis of blood within the perfused organ or to a 
transference of the base from the cells to the plasma, for adrenaline 
when added to blood in vitro in similar concentrations caused no increase 
in the concentration of potassium in the plasma [D’Silva, 1933-4], and 
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there was no visible evidence of hemolysis after perfusion. On the 
assumption that the reaction observed in the intact cat is similar to that 
in the isolated organ, the evidence is clearer. It has been shown [D’Silva, 
1933-4] that after adrenaline the concentration of potassium in whole 
blood increases (as does the concentration of potassium in the serum) 
and that after ergotoxine no increase occurs [D’Silva, 1934]; besides, 
asphyxia and stimulation of a sensory nerve increase the concentration 
of potassium in the serum. : 
SUMMARY 

1. The first injection of 0-2 mg. of adrenaline liberated potassium 
from the liver, perfused with saline, of a cat anesthetized with ether and 
chloralose. The reaction was complete in about 1 min. and occurred in 
the almost entire absence of oxygen. 

2. Subsequent injections at intervals of 5-15 min. gave only small 
reactions. The ability to liberate the base was restored by blood. 

3. Continuous perfusion with blood favoured the reaction and pro- 
longed it for about 6 min. Subsequent injections at intervals of 5-15 min. 
liberated comparatively large amounts of potassium. 


This work was carried out during the tenure of a Sir Halley Stewart Fellowship. My 
thanks are also due to Prof. R. J. 8. McDowall for his criticism of this paper and to 
Mr J. MecWhan for help with some of the experiments. 
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SOME OBSERVATIONS ON THE 
DENERVATED SPLEEN 


By J. BARCROFT AND R. H. E. ELLIOTT! 
(From the Physiological Laboratory, Cambridge) 
(Received March 26, 1936) 


Wrrum the last decade, investigations on the reactions of the denervated 
spleen to exercise, emotion, operative procedures, etc., have been 
variously carried out by de Boer and Carroll [1924], Hargis and 
Mann([1925), Izquierdo and Cannon [1928], Barcroft and Stephens 
[1927], and Barcroft 1930, 1932]. It was with the idea of confirming 
and amplifying the observations of these authors that the work de- 
scribed in this paper was undertaken. The general scheme of denervation 
has usually been the destruction of the nerves which pass into the spleen 
at the hilus. This method has not always proved satisfactory, as shown by 
subsequent histological examination. Dr J. B. Gaylor has kindly made 
a histological examination by the Bielchowsky method of the denervated 
spleens of animals used in Barcroft’s experiments and reports that, in 
the spleen of “Tilley II”, there is no doubt that healthy nerve tissue is 
to be seen running through the muscular tissue of at least one of the 
trabecule of the organ, and, so far as he can form an opinion, the 
fibres themselves are ones which have been there during the whole time 
of the experiment. 

In order to ensure as complete a denervation of the organ as possible, 
it was decided to cut through the splenic artery and vein, and reunite the 
transected vessels with the aid of couplers described by Lim in 1927. 
It was hoped that in so doing we should at the same time sever any fine 
nerve fibres which we might have overlooked during the process of 
cleaning the vessels. 

METHOD 

The animals employed were bitches, and the operative procedure was 
done under C. n. mixture in two stages. At the first operation the 
abdomen was opened through a mid-line incision, the splenic vessels 


1 Member of the Department of Surgery, Presbyterian Hospital, New York City. 
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exposed and cleaned throughout the greater part of their length, and all 
visible nerves supplying the spleen resected for a distance of about 
2cm. Using Lim’s! aluminium coupler technique, the splenic artery and 


vein were transected and rejoined central to their division into anterior 


and posterior branches, thus effectively destroying any nerve filaments 
running in the adventitial coats of the vessels. The spleen was then 
restored to the abdominal cavity, and the wound sewn up. 

The second operation, which consisted of a simple exteriorization 
of the spleen according to the method described by Barcroft and 


Stephens [1927], was performed 24-3 months after the first. Complete 


degeneration of the nerve fibres, it seems, may have been realized, for in 
one animal which came to post-mortem shortly after its second operation, 
no vestiges of nerve filaments could be seen in histological sections of the 
spleen stained by the Bielchowsky silver method. As a control, a dog 
“Curley” was used which had had its spleen with intact nerve supply 
exteriorized at the same time as the other animals were undergoing their 
second operation. 

The post-operative treatment was the same as that advised by 
Barcroft and Stephens, as was also the celluloid and grease pencil 
technique of recording the surface area of the organ. The tracings thus 
obtained were transferred to paper and measured by means of a plani- 
meter. | 

SIZE OF THE SPLEEN 

Tracings of the spleen were begun in two instances at the time of 
operation, and in all cases by the second post-operative day. It will be 
seen from Fig. 1 that during the first few days after operation the organ 
undergoes rapid enlargement, and then, during the course of the next 
few days, an almost equally rapid shrinkage. This is especially pro- 
nounced in the denervated specimens (“‘Blackey” and “Tilley III”)— 
the alterations in size during the first week being almost twice as rapid 
and extensive as in the case of the innervated one. The enlargement, as 
has been generally agreed, may in all cases be due to loss of tone and 
blood-pressure changes within the organ (particularly in the denervated 
preparations), but the rapid shrinkage that takes place during the next 
two weeks as well as the more gradual diminution in size over the next 
few months, still remain inadequately accounted rae mero where 
the denervated spleen i is concerned. 

It is interesting in this connexion to note that at the time of the 
second operation all denervated spleens appeared somewhat enlarged in 

+ We have to thank Prof. Lim, who kindly presented us with the couplers used. 
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size, though of a normal colour. No scars or adhesions were encountered, 
and the surface of the organ presented a smooth, glassy appearance, 
probably due to loss of tone. 

Barcroft and Stephens, while investigating the extreme limits of 
the dimensions of the spleen, recorded the case of an 18-kg. dog in which 


Surface area of spleen: sq. cm. 
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Fig. 1. Variations in size of the spleen in resting animals. 


this organ, following denervation and ligation of its venous return, 
attained a weight of 365 g. They compared this spleen with that of a 
16-kg. dog killed under anesthetic by bleeding, whose spleen weighed 
33 g. In pointing out the elevenfold difference between the two, they 
gave as their opinion that the great size of the spleen of the first-men- 
tioned dog might not represent the extreme capability of the organ. 
Through the death of an animal on the day following its first operation 
we were able to confirm and amplify their observations. The dog in 
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question weighed 16 kg. At post-mortem it was found that the coupler 
on the splenic vein had twisted, and the vessel was completely throm- 
bosed. The spleen weighed 560 g., 50 g. more than the liver of the same 
animal, and probably 18 times as much as it would have weighed had its 
nerve supply been left intact and the animal died of hemorrhage. 

The above-mentioned authors, assuming the blood volume of their 
dog to be about 10 p. o. of body weight, and therefore from 1-6 to 1:8 kg., 
reasoned that at least 340 c.c., or about one-fifth of the entire blood of 
the animal was in the spleen. Continuing the analogy, and assuming the 
blood volume in our dog to have been 1-4-1-6 kg., and the amount in the 
spleen to have been about 535 c.c., the organ must have held at least 
one-third of the original blood volume of the animal. We do not know 
the extent to which this blood volume had been increased by dilution 
of the circulating fluid, but apart from such dilution the loss of one-third 
of the blood volume would probably have been a sufficient cause of death. 


EMOTION 


Hargis and Mann [1925] and Barcroft [1930] have pointed out 
that the extent of the splenic response to emotional stimuli may be largely 
governed by the disposition of the experimental animal, as is known 
to be the case with many other responses [Pavlov, 1927]. Barcroft 
emphasizes the difficulties of obtaining suitable animals for this type of 
experiment, and states that the extreme differences in temperament 
shown by the different experimental subjects are largely responsible for 
this difficulty. 

It so happened that two of our animals were possessed of very much 
the same type of disposition in that they were both extremely highly 
strung. Of these, “Curley” happened to be a control dog, and the other, 
“Blackey”, a denervated preparation. “Tilley III”, the second de- 
nervated spleen dog used in these experiments, was of a an ent 
diametrically opposite to the other two. 

The only stimulus employed was a sudden loud noise, made by un- 
expectedly striking a sharp blow on the top of the table on which the 
dogs were lying. To this the spleen of the control dog responded with an 
almost instantaneous, brisk contraction which was nearly as extensive as 
that caused by severe exercise. On the other hand, the contraction of 
Blackey's spleen was much less extensive, though she appeared out- 
wardly more startled than the control. With ‘Tilley III” a definite 
change in the size of the spleen was obtained on only one occasion, when 
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Tant I. Change in area of spleen following emotional stimulus. 


Before After 
stimulus stimulus 
| om. sq. cm Diff. p. 
“Curley” 19-5 —4:5 18 
22 17 -5 
21 17 —4 19 
Av. 20 
“Blackey” 41-5 36-5 ~5 12 
39 35-5 —3°5 9 
“Tilley Im” 39 36-5 Av. 105 
45-5 45 -0°5 
45 46 +1 


decrease in surface area. very hard, to 


startle, no matter how loud or unexpected the stimulus. 

‘The results of previous workers on the denervated spleen have been 
discordant. Hou and Lim [1929] noted a contraction of the denervated 
spleen on excitement and were of the opinion that the secretion of 
adrenaline was chiefly responsible for the contraction of this type of 
preparation. Hargis and Mann, on the other hand, found that the 
denervated organ did not contract when their animals were suddenly 
frightened. Our results indicate that marked differences in response occur 
in different individuals, the excitable Blackey giving a well-marked 
contraction while “Tilley III” gave little or none. 


The exercise consisted of running variable distances. For light 


exercise the animals were usually run once up and down a corridor and 
covered a distance of 65-70 m. in so doing. For more strenuous exercise 


_the dogs were run up two flights of stairs, around a large room from 


four to six times, and then back down the two flights. The distance 
covered varied from 145 to 220 m., exclusive of the ascent and descent 
of the stairs. All distances were covered with the individual who was 
exercising the dogs running at top speed. The results are given in 
Table IT. 

It will be seen that the results corroborate duces of Hou and Lim 
and Barcroft and Stephens in that the denervated spleen underwent 
a contraction after this form of exercise. There was little difference in the 
degree of contraction in Blackey and the control, but in “Tilley III“ 
the contraction was less marked. 
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194 J. BARCROFT AND R. H. E. ELLIOTT 
Tann II. Change in area of spleen following exercise 


Area 
before after 
5 Distanoe exercise Change Average 
metres sq.cm. sq.cm. Diff. p. o. change 
“Curley” 67 29° 24 -5 17 
67 25 21 -4 10 16 
67 25 21 —4 16 
134 28 23 —5 181 18 
134 27 22 5 18 
143 41 33 —8 20 
143 + stairs 30 25 -5 ee 
179 36 28 -8 22 ; 
179 22 17 -5 23 — 
179 + stairs 28 25 -3 11 
214 + stairs 31 27 13 
“Blackey” 67 54 47 —7 13 
| 67 45 40 —5 11 14 
67 41 34 —7 17 
67 41 35 —6 15 
134 52 47 —5 10 
179 42 34 -8 19 
179 39 31 -8 20 ** 
“Tilley iI“ 67 68 60 8 127 
67 63 58 -5 a} 8 
67 55 52 —3 5 
179 41 35 —6 15 
EFFECT OF TEMPERATURE 


Barcroft [1925] states that the increase in blood volume which 
occurs at high temperatures led him to start his investigations of the role 
of the spleen as a blood depot. We therefore decided to ascertain what 
effects exposure of our dogs to extremes of i would have on 
the size of their spleens. 

Heat. As it was deemed necessary to determine first the effect of heat 
applied directly to the spleen, wads of cotton wool soaked in water 
warmed to from 59 to 65°C. were applied directly to this organ and 
maintained in position for about 1 min. Tracings were taken immediately 
before and after this procedure, and though the experiment was repeated 
on at least three separate occasions with each animal, we could detect 
no alteration whatever in the size of the spleen. 

Following this, the animals were put separately into a chamber 
which had been previously warmed to temperatures ranging from 47 to 
54-5° C., about the same degree of heat as is often met with in the tropics. 
As the chamber possessed plate-glass walls, a close watch could be kept 
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both on the temperature inside and the dogs. The temperature showed 
very slight variations, tending to rise only a degree or so during the course 
of each experiment. The dogs all reacted normally to the heat, and after 
a few minutes’ exposure, ceased walking about and lay down, panting. 
When the allotted time was up, the chamber was entered with the least 
possible disturbance, and tracings of the spleen obtained. The animals 
showed little tendency to move about when we entered, and were 
quite quiet while records of their spleens were being taken. 


Tann III. Change in area of spleen following exposure of animal to heat 
Tem ne Change Ares Area 
in before after 


chamber exposure body exposure exposure Change 

3 °C, min, temp. C. sq. om. sq. em. Diff. p. o. 
Control 47 15 +1-0 22 18 a4 —18 
51-5 20 +1-0 19 17 —2 —11 

50 25 +0-9 19 17 —2 —11 

“Blackey” 49 15 0 37 38 +1 + 3 

52 20 0 36 +3 + 

48 20 +0°5 37 39- +2 + 5 

51 25 +0-6 36 39 +3 + 8 

50 15 — 31 34 +3 +10 

“Tilley III“ 50 15 0 41 42 +1 + 2 
| 54°5 20 +03 40 42 +2 + 5 

3 51˙5 25 +0-2 41 42 +1 + 2 

50 15 — 46 51 +11 


As will be seen from Table III, the spleen of the control animal 
underwent a distinct shrinkage in every experiment. On the other hand, 
the denervated spleens appeared distinctly larger, redder, and more 
turgid than under normal resting conditions, and increments in size up 
to 11 p.c, were noted. These results would seem to indicate that the 
stimulus to contraction of the spleen in the normal dog under these 
circumstances is principally a nervous one. 

Cold. Stephens, in some unpublished investigations performed in 
this laboratory in 1927, found that the innervated dog’s spleen did not 
respond to the direct application of cold, but underwent a considerable 
diminution in size when the animal was exposed to cold air. We were 
able to corroborate his findings, and extend them to the denervated 
spleen also. 

Ice packs were applied directly to the spleens of our dogs, and held 
in place for a minute or longer. Tracings taken immediately before and 
after the experiment revealed no alterations in size in either the normal 
or denervated preparations. Several repetitions of this ee on 
different 2185 gave like results. 
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Through the courtesy of the late Sir William Hardy, Director of the 
Low Temperature Research Station at Cambridge, we were allowed to 
use one of the 0° C. rooms for our investigations. The procedure was a 
simple one, and consisted merely in registering the resting surface area 
of the spleen at a room temperature of about 18° C., then putting the 
animal in the 0° C. chamber for 20 min., and at the end of this time taking 
a tracing while the dog was still in the chamber. Someone always 
remained with the animal while she was in the cold room, and though 
all the dogs showed a natural tendency to move about in order to keep 
warm, they were not unduly excited or active. The results were somewhat 
marred by the fact that on the day these experiments were started the 
control dog came on heat and the size of her resting spleen was therefore 
somewhat diminished [see Barcroft and Stephens, 1928]. Neverthe- 
less, the organ definitely contracted (see Table IV, first and sécond 


Tax IV. Changes in area of spleen following exposure of animal to cold 


chamber exposure temp. exposure exposure Change 
°C. min. sq. em. sq. om. Diff p. o 
Control 1 20 —0˙5 18 17 -1 6 
1 20 19 16 -3 16 
—1 20 — 21 18 -3 4 
“Blackey” 1 20 0 35 29 ~6 17 
1 20 0 37 31 —6 16 
—1 20 — 26-5 23 · 5 3 11 
Tilley III“ 1 —0˙5 41 39 -2 5 
1 20 0 45 42 3 7 


experiments) when the animal was exposed to cold. The experiment was 
repeated 5 months later (Table IV, third experiment), and a good con- 
traction was given. 

The spleens of the denervated dogs also underwent decrements in 
size which, in the case of “Blackey”, a short-haired animal, were more 
pronounced than in the control animal. The denervated spleen of 
“Tilley III“, however, who had long shaggy hair and was therefore better 
protected from the cold, showed less marked alterations in size, but it 
must be remembered that this animal gave also a much less marked 
response to emotional stimuli, exercise and heat. 

From these results it would seem that the contraction response of the 
spleen to cold is largely humoral in nature, and probably caused by the 
increased output of adrenaline which was shown to follow exposure of 
the organism to low temperatures by Cannon and his co-workers [1927]. 
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SuMMARY 


1. In resting dogs the alterations in size of the denervated spleen 
during the first week after exteriorization are considerably more rapid 
and extensive than in the innervated organ. 

2. A spleen deprived of its nerve supply and with its venous return 
cut off may hold as much as one-third of the original blood volume of the 
animal. 

3. The denervated spleen may respond by contraction to the emotional 
stimulus of a sudden loud noise, but the contraction is considerably less 
than in the innervated organ. 


4. Exposure of dogs to high temperatures results in a contraction of 
the innervated spleen, and in a slight enlargement of the denervated 
organ. 

5. Exposure of dogs to low temperatures eins about a contraction 
in both the innervated and denervated spleen. 
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NEURO-MUSCULAR TRANSMISSION IN CRABS 
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(Received March 11, 1936) 


I. IntTRopUcTION 


Since Richet [1879] and Biedermann [1896-98], a great variety of 
phenomena in the neuro-muscular system of Crustacea have been ob- 
served, which seemed to be inconsistent with the general ideas of neuro- 
muscular functioning [U ex kuell and collaborators, 1913, 1914; Jordan, 
1910; Segaar, 1929; Tonner, 1933]. Peripheral facilitation and inhibi- 
tion, apparent disagreement with the all-or-nothing principle, a tonic 
contractile mechanism, together with many incoordinated observations, 
have been described. 

P. Hoffmann [1914a, ö], however, following Biedermann’s work, 
suggested that the differences between the neuro-muscular apparatus of 
vertebrates and Crustacea are due to the properties of the myoneural 
junction, which—in Crustacea—possesses “central” functions. The same 
view is expressed more generally and for different invertebrate phyla 
(Actinozoa, Crustacea) by Pantin [1936]. The following represents a 
further investigation, dealing with the problem of neuro-muscular trans- 
mission in Crustacea. 

The three most significant features are: (i) facilitation in the neuro- 
muscular transmission of impulses, (ii) peripheral inhibition, and 
(iii) multiple response of peripheral nerves. It may be anticipated that 
practically all the other peculiar phenomena, often described, can be 
reduced to these three factors. | 


II. MerHops 


Walking legs of Carcinus maenas, and sometimes Maia squinado, were used. Mechanical 
and electric response of the flexor muscle of the dactylopodite was recorded. Experiments 
were made at 14-28 C. in Plymouth (July-September) and London (October-December). 
(Carcinus can easily be transported and kept at low temperature.) 

PH. LXXXVII. 14 
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The “crab-Ringer” solution was [see Pantin, 1934]: NaCl, 0-6 mol., 1000 parts; 
KCl, 0-6 mol., 25 parts; CaCl,, 0-4 mol., 35 parts; MgCl, 0-4 mol., 35 parts; NaHCO,, 
1-0 mol., 2 parts. 

For recording the muscle response, the Carcinus leg was used undissected. In some 
control experiments and in Maia squinado, the central part of the limb nerve was isolated. 
Further control experiments were made with the leg (i) perfused with O, saturated solution, 
(ii) in connection with the body (central end of nerve being out). : 

For nerve response, the nerve was dissected carefully along the meropodite, then slowly 
pulled out from the dactylopodite and soaked 1 hour in “crab Ringer”. This method proved 
to be more suitable than dissecting the whole Carcinus limb. 

A paraffin-wax chamber and non-polarizable calomel half cells, connected with the 
nerve by sharp-edged strips of wood, were used. (Sometimes it was necessary to use silver 
wires coated with AgCl.) The wooden electrodes were applied to the undissected leg 
through a slit in the meropodite, and the mero-joint after transection of the attachment of 
the flexor muscle. The leg was fixed with plasticine and the chamber covered with glass. 

The dactylus was attached, after cutting the extensor, by a thread to a lever, recording 
the tension (practically isometric) on a slow kymograph. 

The stimulating circuit was of the type used by Bugnard and Hill[1935]. Condenser 
discharges, constant current pulses of varying duration and frequency; or continuous 
current, were applied, using Hill’s commutator method [Hill, 1934]. For single discharges, 
or pulses, the commutator was replaced by a Morse key or Lucas’s revolving contact breaker 
respectively. For very low frequencies—and as contact breaker—a Pye “secohmmeter” 
was used, 

The electric response of the nerve was recorded in some experiments with a sensitive 
galvanometer; usually nerve or muscle response was observed with a Downing oscillograph 
Downing, 1936] and a three-stage capacity coupled amplifier, kindly designed by Dr D. Y. 
Solandt. As lead off electrodes, calomel half cells were used, or—for muscle response— 
Ag- AgCl wires, inserted into the propodite after destroying the extensor muscle. The nerve 
was earthed by a silver grid between stimulating and lead off electrodes. 

Solutions of drugs or electrolytes were applied to the muscle by perfusing the leg from 
the propodite. A needle entered through the cut extensor attachment into the extensor 
part of the propodite and a few c.c. were slowly perfused. 


III. Resvutts 
A. Excitability of the newro-muscular system 


Preliminary experiments showed that the muscle responds to single 
or low-frequency current pulses applied to the nerve only if these are of 
long duration; constant current stimulation of the nerve produces per- 
fectly graded tetanic contractions. 

When studying separately, for indirect stimulation, the effects of 
(i) frequency, (ii) number, and (iii) intensity of shocks, one has to apply 
shocks, short compared with the absolute refractory period, which do 
not cause repetitive nerve impulses unless the shocks are very strong. 
Condenser discharges of rc=0-5 msec. were used; the number of such 
short condenser discharges usually coincides with the number of nerve 
impulses, as shown by oscillograph records (Pl. I, fig. 1). 
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1. Effect of frequency of indirect stimulation. At 20° C., single shocks, 
and even 10-30 shocks per sec., usually do not produce a visible muscle 
response. The tension developed is small and increases gradually with 
frequency up to about 60 per sec.: between 60 and 120 per sec., a rather 
sudden increase (severalfold) in speed and height of the mechanical 
response occurs, at higher frequencies the contraction becomes still 
quicker (up to about 350 per sec.), but increases little further in size 


50 100 150 200 250 300 


short shocks. Average of ten experiments at 20° C. 


(Text-fig. 1). At the higher frequencies a distinct fall in height after the 
initial rise (Text-fig. 2) is often observed. The threshold intensity—for a 
just visible lever movement—decreases (usually by more than 30 p.c.) 
with increasing frequency, between 30 and about 350 per sec., and then 
increases—probably due to the onset of a refractory condition at the 
point of stimulation. The most marked lowering of the apparent thres- 
hold eccurs near 100 per sec., corresponding to the increase in muscle 
response. (This must be merely the number of fibres one can detect 
increasing with frequency for given stimulation—see below.) | 
| 14—2 
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The frequency range, in which apparently the majority of muscle 
fibres come into action, is usually, at 20° C., 60-120 per sec. It varies 
in individual experiments, and is greatly influenced by temperature (at 
lower temperatures the same phenomena are seen at lower frequencies) 
and by the concentration of Mg ions. 7 

In Maia squinado, a similar response-frequency relation is observed in 
a lower frequency range, A just detectable muscle response is sometimes 
produced by a single condenser discharge. 

2. Number of shocks. Using a contact breaker in series with a 32- 
segment commutator (Palmer) supplying short condenser discharges, 
the number of nerve impulses required to produce a just visible contraction 
was determined, The enormous latent period” of the contraction of 


Text-fig. 2. Muscle response to indirect one-way stimulation. Compare response to constant 
current pulses (O. O. P.), each of duration about 40 p.c. of cycle, and to condenser 
discharges (o. p.), RC=0-5 msec., at different frequencies (10, 45, 80, 150 per sec.). 
At 10 per sec., only c. 0. . produce response. Intensity: 0.c.P. 6 volts; c. p. 23 volts. 
Time marks every 3 sec. Kymograph stopped in intervals between stimuli. — 


crustacean muscle to indirect stimulation [Piotrowski, 1893; Pantin, 
1934] actually implies a large number of facilitating nerve impulses. 
This “‘utilization number” varies in individual nerve endings. It is 
smaller at maximal than at threshold stimulation of the nerve, and 
smaller at 150 than at 70 per sec. The utilization number”, in good 
preparations at 20° C., and at frequencies near 100 per sec., averaged 
about seven to ten impulses. It became much larger (sometimes 
doubled) in fatigue and after application of Mg-rich solutions. 

A series of a subliminal number of impulses leaves a long after effect; 
repeating the same series a few times, at intervals even longer than 
+ sec., often causes a response. If the contraction eventually appears, 
each further series of shocks is now effective, usually showing a treppe 

3. Neuro-muscular gradation. The experiments indicate in agree- 
ment with Pantin (1936]—that the muscle contraction is controlled by 
a facilitation process at the nerve endings. The response-frequency 
relation (Text-fig. 1) obviously represents a distribution curve, showing 
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_ the percentage of muscle fibres in which the response appears at different 
frequencies. The majority of contractile elements is called into action, 
at 20° C., between 60-120 per sec.; at very low frequencies only a few or 
no fibres at all respond, while a few fibres need still higher frequencies of 
nerve impulses before they come into play. | 

That the phenomena observed are not due to “local summation” 
(addition latente) in nerve excitation is shown by the following facts: 
(i) “Two-way” stimulation (using alternating condenser discharges) 
produces essentially the same response- and threshold-frequency relation. 
(ii) When varying the intensity, the response at any given low frequency 
(e.g. 60 per sec.) can only be varied in a very narrow range, and not made 
nearly equal to the response at higher frequencies (e.g. 100 per sec.). 
(iti) In the low-frequency range, in which facilitation is already observed, 
no perceptible summation of successive shocks occurs in the nerve. 
Oscillograph records show that the successive nerve impulses of a series 
are equal in size from the beginning. 

One can calculate [Hill, 1936 a, equation (39)] that in crab nerves, 
with a time factor as large as 2 msec.—the usual value is about 1 msec. 
at 20° C. —at a frequency of 250 per sec. ( instantaneous shocks) the 
maximum “local potential” finally reached during steady stimulation is 
only about 11-5 p.c. higher than that produced by the first shock. Since 
a simultaneous rise of threshold by accommodation in the intervals con- 
sidered can be neglected in these nerves (see below), the slight lowering 
of threshold intensity observed at frequencies between 200-400 per sec. 
may be due to local summation. 

Direct stimulation of the muscle (short condenser discharges) has 
the following effects. The intensity required is very high (much higher 
usually than for the intramuscular nerves, as shown, for example, by the 
“inhibitory gap of response [of. Froehlich, 1908]). Singleshocks produce 
a response, developing about 1/8-1/10 of the maximum tetanus tension. 
The tension becomes rapidly higher with repetitive stimulation and reaches 
approximately a maximum at about 50 per sec. To obtain an equal re- 
sponse with indirect stimulation frequencies of 150-200 per sec. are needed. 
Tetanic summation of tension and muscular “staircase phenomenon” 
therefore do not account for the response/frequency relation described. 

Facilitation at the nerve endings appears more clearly when com- 
paring oscillograph records of the electric response of nerve and muscle to 
nerve stimulation at various frequencies. The oscillatory action potential 
of the muscle increases (i) severalfold with increase of frequency (20-150 : 
per sec. at 15-18° C.), (ii) at any given frequency (20-150 per sec.), with 
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each successive impulse (Pl. I, fig. 2, of. fig. 1, Katz, 1936). The increase 
of electric response with successive impulses does not follow a simple 
exponential relation, and is often “S-shaped ”’. 

In fresh preparations at 16° C. a small electric response of the muscle follows sometimes 
3 the first impulse, while visible contractions occur later [see also Ewald, 1911). 

“Latent period” and utilisation number” therefore have only a relative meaning, in 
respect of the arbitrary size of response chosen and the “ observational threshold” [Bishop 
and Heinbecker, 1932], which are smaller usually for the amplified electric than for the 

‘Introducing gaps into a long series of repetitive condenser discharges, 
one can determine the rate at which facilitation subsides, after having 
attained its maximum level. This decay is slow (order of 4 sec.) and 
indicates, considering the high frequency required for the majority of 
muscle fibres, that at least two different time factors are involved in the 
facilitation process. 

These experiments confirm Hoffmann’s [1914] and Pantin’s [1936] 
view, and show that the gradation of muscular contraction in crabs can 
be fully controlled by a variation in the frequency of impulses and the 
number of facilitated nerve endings. 

Wiersma [1933] comes to similar conclusions from observations in claw muscles. As 
(functionally specialized muscle), thus introducing certain complications. 

4. Effect of intensity of stimulation. The relation between response of 
muscle and intensity of nerve stimulation again differs greatly from that 
in the neuro-muscular system of vertebrates. Using short shocks, in 
order to avoid—as far as possible—repetitive impulses, one obtains a 
certain gradation of the muscle response with increasing intensity. This 
gradation is slight at low frequencies, but becomes more distinct at about 
60-100 per sec. Stimulating the nerve in the mero-joint, one finds 
evidently a small number of separately excitable nerve elements sup- 
plying the flexor muscle. Crab muscles are provided usually with a few 
axons only, sometimes only one excitatory axon is found [Mangold, 
1905; Hoffmann, 1914a]. It is possible that under the conditions used, 
separate branches of a single axon are stimulated. 

The fact that in the low-frequency range the apparent threshold decreases as the 
frequency rises cannot be explained if we suppose a single nerve element at the point of 
stimulation (mero-joint) only. With increasing frequency an increasing number of muscle 


fibres come into play; the threshold is apparently lowered because a smaller number of 


motor units (possibly branches of one axon) need to be excited in order to obtain a 
detectable mechanical response. 


The electric response of the muscle, with varying intensities of in- 


direct stimulation at a central point in the meropodite, is—although not 
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ofall-or-nothing character—only very slightly graded and clearly indicates, 
that—proximally—only very few (in the case of Pl. I, fig. 3, probably 
two) excitatory elements are stimulated. 


53. 47 


32 


Text-fig. 3. Muscle response to nerve stimulation by short condenser discharges. (Facilita- 
tion and inhibition.) Intensities (volts): see records. Time marks: A-D, 3 sec.; E, 
l sec. Frequencies, per sec.: Al, 45; A,, 80; A,, 150; Bi, 500; B., 450; B,, 150; B., 80; 
B, 45 per sec. (unusually high frequencies required in this case); C,, 320; C,, 200; 
Cs, 150; C., 80; C., 45 per sec. D and E, Inhibitory phenomena. D at 100 per sec.; 
E (read downwards) at 150 per sec. Note inhibition at strong intensities. (Various 
phenomena: “fatigue” of inhibition—“ delay — arrest of contraction.) 


The small number of fibres fits well into the possibility of gradation at 
the individual endings, a fact which seems to be of general importance in 
different invertebrate phyla [Pantin, 1935, 1936]. 


5. Inhibition. 
With supermaximal intensity of indirect stimulation, inhibitory phenomena occur 
regularly at about two to four times the expitatory threshold (see Text- fig. 3). 
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Inhibition is most complete and most regularly observed at low frequencies of atimula- 
tion, but appears at all frequencies used (up to about 500 per sec.). 

It is rapidly fatigable (“fatigue” probably in the sense of Bugnard and Hill's [1935] 
observations), especially at high frequencies of stimulation [cf. Wiersma and Van 
Harreveld, 1934]. 

The “latent period” (utilization number) differs often from that of the excitatory pro- 
cess. That is the reason why inhibition appears in a great variety of phenomena [K nowlton 
and Campbell, 1929] at low frequencies often as a delay, at high frequencies as a sudden 
arrest of the rising tension, and in other cases as a depression of contraction rate. 

Irregular, and in a few cases undulating response to weak stimulation at rather high 
frequencies is probably due to slight threshold fluctuations during repetitive stimulation, 
at the borderline of the relatively refractory phase (Text-fig. 4). 


Text-fig. 4. Muscle response to nerve stimulation by short condenser discharges (220 per 
sec.). Intensity (volts): see record. Between second and third records 5 min. rest. 
Time marks: 3 sec, The “undulating” response occurs sporadically, at rather high 

frequencies with low intensity of indirect stimulation. It has been interpreted as inter- 
ference of inhibitory and excitatory fibres, but is more probably the same thing as 

shon in Pl. I, fig. 3, viz. intermittent failure of response in one of the few nerve fibres 
supplying the muscle; the slow “rhythm” of the muscle being due to “gaps” in 
repetitive nerve excitation. This occurs only with weak stimulation (successive stimuli 
falling at intervals below threshold); the “tremor” disappears after continued stimula - 
tion. Already W. Biedermann [1896] suggested that the intermittent response to 
repetitive stimulation is closely related to the “slow rhythmic activity” sometimes 
observed under the influence of a continuous stimulus (e.g. constant current). 


6. Duration of stimulating current. If the duration of constant current 
pulses, or the time constant of condenser discharges, applied to the nerve, 
exceeds a few msec., multiple response occurs. This phenomenon will be 
discussed in subsection B below. 

When using the commutator for producing constant current pulses, 
the duration of pulses necessarily becomes shorter as the frequency 
increases. The relation between response of muscle and frequency of such 
pulses is complicated, as is that between threshold and frequency. (A 
similar complication occurs when dealing with alternating current 
excitation in slowly accommodating nerves.) 

(i) At low frequency (long duration of pulses), multiple response is 
involved. The contraction is steep and develops full tension (in contrast 
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to short condenser discharges of same frequency). The threshold slightly 
increases up to about 80 per sec. 

(ii) At higher frequencies, the rhythm of stimulation itself is sufficient 
to facilitate the muscle response, Form and height of contraction are the 
same for constant current pulses and condenser discharges. 

(iii) There is an intermediate part at 80-120 per sec., in which transi- 
tion from multiple to single response, and simultaneously lowering of 
threshold (although the duration becomes shorter) and a decrease of speed 
of contraction, occur (Text-fig. 2). 

7. Strength-duration relation. It follows from the observations de- 
scribed that a certain range of frequencies of repetitive condenser dis- 
charges has to be chosen when determining the time factor in nerve 
excitation and using as index a threshold muscle response. Determina- 
tions of “rheobase” and chronaxie are, of course, possible and have 
frequently been made, giving pseudo values of about 15 msec. for 
chronaxie [of. Jasper and Monnier, 1933; Jasper, 1935]. | 

Even at frequencies below 60-80 per sec., one might obtain an ap- 
parent value for & higher than the true value, the lower part of the curve 
being observed for multiple, the upper for single response. At frequencies 
above 150 per sec. (i) the curve cannot (because of the short interval 
between shocks) be continued towards long discharge times, (ii) refractory 
conditions would affect the threshold unequally at different duration of 
stimuli. Hence, strength-duration curves were determined at 80-150 per 
sec., a suitable frequency usually being chosen after shortly checking the 
response-frequency relation. In Maia squinado, condenser discharges at 
about 40 per sec. were sufficient to determine the strength-duration 
relation. 

The time factor k averaged about 1 msec. at 20° C. (Text-fig. 5). The 
same value was obtained for small electric response of the limb nerve, 
recorded with a slow galvanometer. This agrees approximately with the 
small chronaxie found by Jasper and Monnier [1933] for nerve 
impulses in the claw. | 


The curves obtained in Carcinus for muscle response are incomplete in the lower part, 
because rather high frequencies had to be used. (The position of the “rheobasic” part is 
roughly indicated when determining the threshold for constant current pulses at the same 
frequency.) This introduces a certain uncertainty into the calculation of k, which is however 
much smaller than the scattering of k found in individual preparations (b was between 
about 0-5 and 1-5 msec.). 

In Maia squinado, the frequency range in which facilitation occurs is lower, making it 
possible to obtain complete curves and to determine the rheobase with current pulses of 
about 10 msec. (Text-fig. 5). & values of the same order were found. A few experiments in 
Maia were done with single condenser discharge, taking minimal muscle response (a very 
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small number of muscle fibres, reacting) as index. It is noteworthy that in these cases 
small & values (about 0-5 msec.) were found. 

When not taking the precautions described, one might find an apparent decrease of 
chronaxie with increasing frequency. It has been stated occasionally that in some sym- 
pathetic and sensory systems, chronaxie decreases with increasing frequency [F. Bruecke, 
1934; Auersperg, 1932; Altenburger and McRioch, 1933]. Dealing with nerve systems 
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Text-fig. 5. Strength - duration curves (Hill, 1936 a, equation (32), fitted as described by 
Hill, 1936 ö). Point at which slope is — 1 gives log k. Solid circles, Maia squinado, 
20-5° C. Repetitive condenser discharges at 40 per sec. Threshold muscle response. 

_ Rheobase determined with constant current pulses (about 10 msec. duration). k= 
081 msec. Hollow circles: Carcinus maenas, 20-5° C. Repetitive condenser discharges 
at 46 per sec. (two-way). Small electric response of isolated limb nerve. k= 1-17 msec. 


which show marked signs of facilitation and multiple response, one must consider the 
possible errors mentioned, and even a theoretically fitting strength-duration curve would 
not justify one in speaking of ““Umstimmung”, metachronose or quickening of excitation 
process by the high frequency. te | 
B. Multiple response 

One of the interesting features of crustacean nerves is the property 
of rhythmic response to constant current stimulation (and as well to 
chemical and mechanical injuries). This fact was observed a long time 
ago; Biedermann [1896] and W. F. Ewald [1911] investigated the 
tetanic mechanical and electric response of the claw muscles to indirect 
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constant current stimuli. It has been recorded with modern methods by 
Barnes [1930a, ö], Jasper and Monnier [1933] and Fessard [see 
Arvanitaki and Fessard, 1934]. 

The passage of a constant current through the nerve produces tetanic 
contractions, the rate of rise, the height and the duration of maintenance 


34 475 1:5 7:5 475 4-0 3-4 


35. 49 7-65 


67 80 10-9 13.7 166 80 


Text-fig. 6. Muscle response to constant current applied to the nerve. Note that the 
current was maintained until response disappeared. Time units: 3 sec. Intensity 
(volts): see records. A, Normal preparation. B, Calcium effect: (I) normal preparation; 
(2) after local Ca application to the nerve; (3) normal again. Note sudden collapse of 
tension at high intensities (at 7-5 volte in A, and at 7-65 volts in Bi and B,), probably 
related to the inhibitory process. In fatigued preparations, the rise of the contraction 
is slower with any intensity of constant current applied to the nerve; in these prepara- 
tions, with supermaximal stimulation, there is no sudden collapse but merely a reduc- 
tion in the maximum height. 


of which increase with current intensity at first rapidly, then reaching a 
limit. The tension developed gradually disappears after a few seconds. 
With strong constant current applied to the nerve, phenomena occur 
which are probably related to the inhibitory process (Text-fig. 6). The 
tension, after having somewhat diminished, suddenly collapses during 
maintained stimulation. 

Opening tetani of the muscle, with an undissected nerve prepara- 
tion, were rarely observed, and generally in preparations of “abnormal” 
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condition, e. g. in a state of “ oathodio depression (reverse of the normal 
electrotonic effects); though in the dissected nerve prolonged opening 
Tesponses were regularly found. 

Records of the electric response of nerve and muscle reveal the state 
of affairs clearly (Pl. II, figs. 1, 2). Rhythmic nerve impulses follow 
make-and-break of long-lasting constant current, in both cases dying out 
in a few seconds. The frequency increases with intensity from rheobasic 
strength, at first rapidly, then reaching a limit, determined by the length 
of the absolute refractory period. The frequencies of nerve impulses 
observed were approximately between 30-350 per sec. at 15-20° C. It 
was, however, only exceptionally possible to estimate the frequency, since 
the different fibres were usually out of phase 

The electric response, however, of the muscle to constant ence applied 
to the nerve shows a very clear rhythm indicating the small number of 
nerve fibres involved (Pl. II, fig. 2; see also Katz, 1936, Fig. 1). At 16°C. 
the frequencies observed varied with intensity between 30-200 per sec. 
The response increases considerably with the first few successive impulses, 
probably due to facilitation, then gradually dies out, the rhythm slowing 
down and eventually stopping. The frequency is gradually diminished, 
the amplitude fully maintained until the end with weak current (low fre- 
quency), gradually reduced with maximal current (high frequency and 
fatigue at the nerve endings), The gradual slowing down of the muscular 
rhythm cannot be due to a refractory condition at the neuro-muscular 
junction, but is due to a decrease of frequency of nerve impulses. 

The multiple response of nerve is not an uncoordinated phenomenon; 
it results from the fact [Solandt, 1936] that crab nerves show a very slow 
accommodation. The time constant of accommodation A [Hill, 1936 a] 
is more than 100 times greater than the average value in frog’s sciatics. 
Frog nerves accommodate so rapidly that they usually give single make- 
and-break impulses only, except to stronger currents. The multiple 
opening response, after a current of long duration, being of the same size 
and duration as the closing response, illustrates the slow reaccommodation 
process taking place at the anode after break of constant current. That 
the “closing impulses” really originate from the cathode, the “opening 
impulses” from the anode, was proved by applying one stimulating 
electrode to an injured part of the nerve. 

Solandt [1936] has shown that Ca quickens the accommodation 
process in nerve. Application of Ca-rich solutions to the nerve (in fifteen 
times Ca blood content) abolishes reversibly the — response. The 
nerve gives single make impulses only. 
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The tetanic character of the muscle response usually disappears 
after local Ca application to the nerve (cf. Text-fig. 6, Pl. II, fig. 1). It 
happened that, under these conditions, the muscle no longer responded to 
indirect constant current stimulation of any lerer but responded 
well to repetitive condenser discharges. 

Frog’s sciatics deprived of Ca by application of Na citrate lose com- 
pletely the ability to accommodate [Solandt, 1936] and show some- 
times multiple response similarly to crab nerves. 

The response of the dissected nerve shows in minor points 8 
which are somewhat different from the behaviour in the undissected 
flexor preparation. That is possibly due not only to the inevitable 
damage set up by the dissection, but also to the fact that the dissected 
nerve consists practically of sensory elements only. 

Signs of fatigue, depolarization, refractoriness, are much more marked 
in the dissected nerve. It is of more interest that the muscle (in the un- 
dissected preparation) rarely shows an opening response, while electric 
opening tetani of the nerve are usually observed. 

This may be due to an “abnormal” state of the vulnerable crab nerve, if dissected; e. g. 
to a “cathodal depression” (W erigo) (abolished or reversed electrotonic effects on excit- 
ability) as often found in fatigable and “depolarized” preparations. 7 

It was occasionally observed that, at first, during several successive constant current 
stimuli of high intensity, the closing tetani became very short and opening tetani of con- 
siderably longer duration appeared. With further continued stimulation, the nerve passed 
into a state of “conducted fatigue” [Levin, 1927] and produced only very small action 
potentials. (Almost complete recovery occurred usually after soaking in Mg-rich solutions.) 

The initial fatigue is obviously related to Werigo’s,cathode depression, in which state 
the normal electrotonic effects are abolished or even reversed (excitability under the anode 
greater than under the cathode). 

There are several other possible explanations, none of which can be entirely elimin- 
ated. It may be [ef. Barnes, 1930a, ö, 1932] that the motor fibres have an accommodation 


process still slower than that of the dissected (sensory) nerve, and that the slowing 


down of the frequency of motor impulses is mainly due to a progressive lengthening of the 
refractory period of nerve [Bugnard and Hill, 1935] at the point of permanent stimulation 
(so that opening excitation might not occur at all in these fibres; see Hill, 1935). 

There may, however, be inhibition or Wedenski fatigue at the nerve endings, blocking 
progressively the nerve impulses and thus making opening impulses, actually occurring in 
the nerve, ineffective. 

The repetitive response was often shown more distinctly and more regularly maintained 
after soaking the nerve in a Mg-rich solution. The Mg effect will be referred to in a following 
section. 

made at Plymouth during April 1936 (at 11° to 15°C.) showed closing 
tetani which lasted sometimes as long as 30 to 45 sec.; in several “normal” preparations, 
after prolonged closure of rather strong constant current, opening tetani of the muscle 
were observed, of tension and duration similar to those of the closing response. 
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C. Neuro-muscular transmission 


The experiments described apparently point to a chemical mechanism, involved in the 
neuro- musoular transmission both of excitatory and of inhibitory impulses. It is rather 
obvious to suggest that small quantities of a chemical substance are liberated by successive 
nerve impulses, decaying in the intervals, and that muscle excitation occurs when a critical“ 
concentration of this substance is reached (corresponding to a “critical” frequency of nerve 
impulses). | 

The single quantities liberated, the final amount required and the rate of decay or 


disappearance in the intervals between impulses would determine at the individual nerve 


endings the frequency required to facilitate the response. 

It was not possible to calculate from the oscillograph records the “time factor of decay 
of the transmission process, probably because there would be no linear proportion between 
the amplitude of the response and the amount of substance accumulated. 

It appears however from the experiments (gaps in long batteries, subliminal series of 
shocks, further Blaschko, Cattell and Kahn’s [1931] maintained effect of single 
“extrastimuli”), that two processes of different rates of decay are involved, a first process 
rapidly decaying—interval of about 1/100 sec. necessary to elicit the response of the 
majority of muscle fibres—followed by a long-maintained second stage. 

Furthermore, if one assumes that neuro-muscular facilitation is due to the accumulation 
of a chemical transmitter substance (see, however, Discussion), one should expect that 
muscle fibres which come into action already at, e.g. 30 per sec., would give “after dis- 
charges between two nerve impulses at 80 per sec., due to the relatively large amount of 
“transmitter” present. The oscillograph records, however, show that the electric response of 
the muscle follows the frequency of nerve impulses throughout the “facilitation range” (up 
to about 150 per sec.). The accumulative process at the nerve endings therefore facilitates 
the “direct” transmission of impulses, but does not excite the muscle fibre by itself. 


1. Eserine, acetylcholine, curare. A number of substances were applied, 
testing whether muscle response or improved facilitation occurred. No sign 
of improved facilitation was seen in eserinized preparations (10-* to 109; 
acetylcholine (10~* to 10) without or combined with eserine had no effect, 
application of acetylcholine 10-4, however, was often followed by a moder- 


ate, short contracture. Adrenaline, in very high concentrations (10), 


caused in one case contracture, in a second experiment slow and somewhat 
delayed relaxation of tetanic contraction; in other cases it was ineffective. 
Strychnine (10. to 5 x 10 had often a depressing effect, trimethylamine 
and trimethylaminoxide (kindly supplied by Dr H. R. Ing; conc. 0-1-0-01 
mol.) and tyramine (10-*) gave negative results. 

High concentrations of these substances (eserine, trimethylaminoxide, 
trimethylamine) often depressed somewhat the muscle response to 
indirect stimulation. The inefficacy of acetylcholine and eserine is in 
agreement with some recent observations on marine animals by Bacq 
[1935}. 

Curare has no effect on the neuro-muscular junction in crabs, as 
in many other invertebrates [cf. Piotrowski, 1893; Straub, 1900; 
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Lapicque, 1910; in the leech, however, J. F. Gaskell, 1914]. About 
Img. per g. of crab was injected into the animals in single or divided doses 
(0-05-0-1 mg. was sufficient to curarize frogs, English R. temp. (pithed), 
of 15g. weight, after about 15 min.). The crabs were soon paralysed and 
usually died during the following days—obviously due to a central effect 
(already mentioned by Piotrowski, 1893). The indirect excitability of 
the limb muscles was perfect during any stage of the curare effect. | 

2. Potassium effect. The nature of transmission obviously differs 
from the humoral mechanism found by Dale and his co-workers in 
higher animals. While acetylcholine and curare, specific myoneural 
junctional agents in higher animals, are ineffective even in rather high 
concentrations, the nerve endings are greatly influenced by a compara- 
tively slight excess of K and Mg ions above the normal blood level“. 

K causes contracture; the threshold is about three times normal 
blood concentration [of. Wells, 1928]. The contracture begins immedi- 
ately during the application of the K-rich solution, sometimes starting 
with single contractions. It develops a considerable tension; eight times 
normal produces about 70 p.c. higher concentrations often 100 p.c. of the 
maximum tetanus response (Text-fig. 7). (The K contracture in frog skele- 
tal muscle has a much higher threshold concentration [Solandt, 1935] 
and develops not more than 20-30 p. o. of maximum tension [Bethe and 
Franke, 1925; Riesser and Richter, 1925].) After a few minutes the 
isometric tension gradually diminishes to a small final value, which is 
maintained for a longer time. In this state ( fatigue of contracture or 
“adaptation” to the stimulus?), the muscle is still perfectly excitable by 
direct stimulation, except after application of very high K concentrations 
(twenty times normal, and isotonic K which is about forty times normal), 
which paralyse the muscle substance. 

Preparations in which the nerve endings have “degenerated” (about 


12 hours after severing the limb) and the muscle responds to direct 


stimulation only, show no K contracture, except in the very high con- 
centrations mentioned (twenty times and more) which ee act on 
the contractile substance directly. 


There is no remarkable antagonism between K and Ca in respect of contracture. (K 
was usually applied a few minutes after the other ions, because of the greater velocity of 
K ions.) The threshold concentration for the K effect is somewhat raised by Ca in a small 
range of concentrations. Even isotonic Ca does not prevent contracture to eight times K 
(instead of 2-5-0 K). 

Whether a relation exists between K content of the muscle fibres and threshold con- 
centration of K contracture, as suggested for frog muscle by Solandt [1935 is doubtful. A 
few determinations {after Jacobs and Hoffmann, 1931] were done by the kind help of 
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Dr E. Lehnartz. The limb and claw muscles of Carcinus maenas contain about 0-4 p. o. 
K, a similar value has been found by W. Scholles [1933] for some other Crustacea. The 
minimal concentration for contracture was about 0-18 p.c., but differs probably for the 
individual muscle fibres. 

_ A state of “‘curarization” can be effected by application of Mg (see 
next section), Under these conditions, the nerve impulses are blocked at 
the neuro-muscular junction, while the muscle responds well to direct 
stimulation. During the Mg block, the K contracture is missing, except 
after application of very high concentrations, in exactly the same way as 
in the case of degenerated nerve endings. 

The K contracture is not prevented during inhibitory stimulation of 
the nerve or in a state of Wedenski-block” 2 condition) at the 


nerve 


Text-fig. 7. K contracture, A=O, Mechanical dee marks: 3 sec. Kymograph 
finally stopped for intervals each of 15 sec. Compare height of contracture with 
previous tetanic tension (150 per sec.). A, 21-5 volte—ten times K; B, 28 volte— 
twenty times K; C, 21-28 volts—isotonic (about forty times) K (see also Pl. II, fig. 3). 


The first part of the contracture (about 1 min. corresponding nearly 
to the time of maintained maximum tension) is accompanied by electric 
oscillations, the rhythm of which gradually slows down (Pl. II, fig. 3). 
Taken together, the initial phase of the K contracture is of tetanic nature, 
and its point of action the neuro-muscular junction. 

In about the same concentrations as produce a contracture, K 
abolishes the electric response of the nerve (if soaked a few minutes in 
K-rich solution), as found by Cowan [1934]. A drop of ten to twenty 
times K, applied locally to the nerve, causes often rhythmic impulses for 
a few seconds, followed by local block and inexcitability. In these 

concentrations, K affects the injury potential considerably [Cowan]. 


75 
2 
* 
* 
2 ‘a 
* 
5 
in * 
Er 
iy 
— 
* 
2 
* 
* 
* 
? 
* 
75 
2 * 
* 
4 ** 
iM 
ag 
az 
*. 
2 
2 


NEURO-MUSCULAR TRANSMISSION IN CRABS 215 


Local application in these concentrations produces an injury potential 
{cf. Labes, 1927] and local “depolarization” [see Schaefer, 1934; cf. 
Hoeber and Strohe, 1929]. The initial excitatory state in crab nerves 
can therefore be interpreted as an outburst of injury discharges”, 
dying out during a few seconds due to the onset of accommodation. 

3. Magnesium effect. | 

Of interest is the action of Mg ions, considerable amounts of which are present in sea 
water and in Carcinus blood [Bet he, 1929}. Blood contains usually about half as much Mg 
as sea water. 

Mg prevents K contracture and has a typical “curare” effect. In 
relatively low concentrations (1-5-2 times blood content), it depresses 
the facilitation at the nerve endings; higher frequencies of nerve stimula- 
tion are required to call the majority of muscle fibres into action (e.g. 
instead of 80 per sec., 150 per sec., as found by mechanical and oscillo- 
graph records). Conversely, facilitation can be somewhat improved by 
applying Mg-free solution to the muscle. Crabs which had been kept 
several days in Mg-free artificial sea water show—as already found by 
Bethe [1929]—distinct signs of increased excitability. This, however, 
may partly be due to a central effect. 

Raising the Mg concentration about 2-5 times above the normal blood 
level was found to produce a complete neuro-muscular block. The 
threshold concentration varied somewhat in individual cases. The iso- 
metric tension response to direct stimulation is often somewhat depressed 
in height and speed; but higher Mg concentrations are required than those 
effective on the nerve endings to produce appreciable effects on the 
muscle substance itself. 

Mg influences the electric response of the nerve. Soaking the limb 
nerve several minutes in Mg-rich solution produces a reversible increase 
of the total electric response, measured with a slow galvanometer (twice 
the Mg content of crab Ringer” caused a 20 p. o., five to twenty times 
a 70-100 p.c. increase). The galvanometer deflections show apparently 
less retention of negativity” [Levin, 1927; Furusawa, 1929] than 
normally; action and injury potential do not decay as rapidly as in 
“normal” nerves during repeated stimulation. Oscillograph records 
show that the spike potential in Mg-rich nerves is not distinctly different 
from normal nerves, but is longer maintained at its original size during 
repetitive and constant current stimulation. The increase of total response 
is therefore possibly due to a decrease or delay of “depolarization” 
[[Furusa wa, 1929]. To get information about the real form of the action 
potential wave, it will be necessary to use a direct coupled amplifier. 
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The threshold (condenser discharges of x = 0.5 and 1-0 msec., and 
constant currents) is lowered by any increase of Mg up to about eight 
times normal, rising again with higher concentrations, and the nerve 
becomes inexcitable in isotonic Mg solution. After soaking it a few 
minutes in normal solution, it recovers fully the original response. 

Some preliminary experiments dealt in a simple way with the effect of 
Mg on the electric resistance of the nerve membrane. Constant current 
pulses (about 22 per sec., 17 msec. duration) were applied to the nerve, 
using two different interelectrode distances (4-1-5 mm. and 4-10 mm. 
respectively) and the threshold for a certain electric response determined 
for both distances (Table I). | 

| Tann I. Effect of Mg on “membrane resistance” 
Constant current pulses 22 per sec., 17-5 msec, duration 
Ratio: threshold current, short to long distance 
between electrodes 


* 


Distances 


1 II III 
mm. Normal 50 p. o. isotonio mg. Normal again 

0-5 and 8-5 1-45 2-09 1-45 

0-5 and 6-5 1-46 263 1-62 

0-75 and 4-0 1:37 1:8 1-34 
0-75 and 4-0 1-05 2-0 — 

10 and 6-0 1-0 1-41 107 

15 and 9-0 1-0 1-24 | 1-01 


The threshold ratio between short and long distance was regularly 
higher for the Mg-rich nerve and reversed after soaking in normal solu- 
tion. This ratio, roughly indicating the electric resistance of the mem- 
_ branes, which are crossed by the current during excitation [of. Rushton, 

1934], supports the suggestion that Mg increases polarization and 
“stabilizes” the “excitable membrane 


IV. Discussion 


Confirming the view of P. Hoffmann and Pantin, the apparent 
“central” features of the peripheral nerve-muscle system in Crustacea 
are found to be due to the properties of the neuro-muscular junction. 
Facilitation occurs at the nerve endings, permitting a perfect gradation of 
the muscular response, even if the whole muscle should be supplied by one 
excitatory fibre only. Some earlier observations suggest [Mangold, 
Hoffmann] that even more than one muscle may be supplied by a single 
axon; coordination between such muscles would be possible theoretically 
if the response-frequency scale (facilitation interval) differed. A further 
question is the large variation between the individual endings, a few 
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fibres acting after single impulses, some needing a frequency of more 
than 100 per sec. Further histological investigation might throw some 
light on the problems of muscular innervation in crabs. 

The multiple response to constant current at make and at break is in 
clear agreement with Hill’s theory [1936] of electric excitation of nerve; 
its existence and rhythm are mainly functions of à (time constant of 
accommodation) and of the refractory period. A very marked multiple 
response to constant current always appears if A is long and the re- 
fractory phase short, in which case the “local potential” remains above 
threshold for a time long enough for many impulses to occur. That is 
normally the case in crab nerves and in many sensory end organs 
[Adrian, 1928], and can be influenced by variation in the Ca content. 

Frog sciatic nerves accommodate so quickly that they often give only 
a single response to the passage of weak constant current through the 
nerve. Often, however, constant current of somewhat more than rheo- 
basic strength produces a short battery of impulses, rapidly diminishing 
in size. Soaking frog nerves in Ca-rich Ringer abolishes the multiple 
response, while frog nerves, deprived of Ca, sometimes give repetitive 
response similarly to crab nerves and eventually show continuous 
“spontaneous” discharges. 

Slow accommodation and multiple response therefore are not 
necessarily connected with the lack of a medullary sheath. 

There is no reason to suggest an essential difference between the 
“closing tetanus” (Pfliiger) and the repetitive response, as done by 
Jasper [1935]. Already Biedermann [1896] found that “closing 
tetanus” is quite a general phenomenon observed often in medullated 
nerves of mammalia (for which—judging from man— is very long 
[Solandt, 1936]) and cooled frogs at any effective current strength. 

One has observed occasionally [Bogue and Rosenberg, 1936; see also P. Hoffmann, 
1914) that a short and strong stimulus is outlasted for some time by a few “after-impulses”’. 
One has to distinguish in this case [see already Biedermann, 1898] between (i) repetitive 
response, due immediately to the applied electric stimulus, and (ii) so-called after dis- 
charges” (prolonged activity after a strong stimulus of any kind). 

(i) It is conceivable that a very strong instantaneous shock may cause two impulses 
if the “excitatory disturbance” remains during its decay above threshold at the end 
of the refractory period. Discussion of this point will be given in a later paper. It will be 
necessary to investigate whether such “after impulses” occur during strong “inhibitory 
stimulation”. 

(ii) Of a different nature are after discharges”. They may occur in a state in which the 
nerve still fires off injury discharges from its cut end [Barnes, 1930a, b; cf. Adrian, 1930; 
Gasser, 1935], but in this case it is not even certain whether they originate from the point 
of stimulation (or the point of permanent negativity; cf. pseudo-reflex in isolated crab 
limbs, Barnes, 1932). 
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Strong stimuli, of any duration, may have an undefined after effect, similar to 
mechanical or chemical injuries (perhaps associated with K leakage; cf. Cowan, 1934 and 
the observed local K effect on nerve), thus 
becomes accommodated to the “after stimulus”. 

maintained by the applied electric current of known strength and duration only. 


The fact that repetitive injury discharges may last for a long time [Barnes, 1930] 
further illustrates the zero rate accommodation. In agreement with Barnes, a regular 
rhythm (of muscle response) at about 70 per sec. was found. 


The mechanism of neuro-muscular transmission in crabs is still not 
clear. Acetylcholine obviously does not take part in it. The antagonistic 
interplay between K and Mg at the nerve endings resembles the relation 
between acetylcholine and curare in the synaptic transmission of verte- 
brates, recently described by Brown and Feldberg [1936]. It is 
interesting that the relative threshold concentrations of K and Mg are 
about the same, further that K causes contracture and abolishes nerve 
response, Mg curarizes and increases the total nerve response in about 
equal concentrations. It may be suggested that K and Mg ions influence 
or take part in the normal neuro-muscular transmission of impulses in 
these animals, and it is possible that the accumulative process at the 
myoneural junction ( facilitation of transmission”) is due to a physico- 
chemical rather than a special chemical mechanism, to an accumulating 
state rather than an accumulating substance. At present, however, 
there is little evidence available to decide the matter. 


V. Summary 


1. The electric excitability and the effect of different 5 
agents on the neuro-muscular system of Carcinus maenas were investi- 
gated, The mechanical response of the flexor muscle of the dactylopodite 
in isolated walking legs, and the electric response of nerve and muscle 
were recorded. | 7 

2. Visible muscle contraction, during indirect stimulation, results 
from repetitive nerve excitation only, The majority of muscle fibres come 
into action at frequencies of 60-120 per sec. (20° C.). The gradation of 
the muscle response is controlled by the number of “facilitated” nerve 
endings, increasing statistically with frequency. 

3. The time constant & [Hill] in nerve excitation, determined from 
strength-duration curves (repetitive condenser discharges) for electric 
response of the nerve, or for threshold contraction of the muscle, is about 
1 msec. at 20 C. 
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4. The limb nerve gives prolonged multiple response to constant 
current both at make and break, due to its very slow accommodation 
process. The frequency of impulses varies with intensity of applied current 
up to an upper limit (about 300 per sec. at 20°C.), determined by the 
absolute refractory period. 

5. Calcium, in about fifteen times normal blood concentration, 
quickening the accommodation process, abolishes reversibly the multiple 


nse. 

6. The nature of neuro-muscular transmission is investigated. Curare, 
acetylcholine and eserine have little or no effect on the neuro-muscular 
junction. 

7. Potassium applied to the neuro-muscular junction causes con- 
tracture, even in three times normal concentration. The initial part of the 
contracture is of a tetanic nature, being accompanied by rhythmic 
electric response. 

8. Magnesium, even in 2:5 times normal blood concentration, has a 
reversible curare-like blocking effect on the myoneural junction, and 
acts as an antagonist to potassium in respect of contracture. 

9. The electric response of the nerve is abolished by potassium, 
increased by magnesium, in about the same concentrations as those 
effective on the nerve endings. 


Iam greatly indebted to Prof. A. V. Hill for his kind hospitality and permanent interest, 
and also to Dr E. J. Allen, F.R.S., and his staff for their kindness, and the rich facilities 
which I enjoyed at the Marine Laboratory, Plymouth. I wish to thank Dr C. F. A. Pantin, 
who introduced me at Plymouth to this work, and to Mr J. L. Parkinson, Mr A. C. 
Downing, Dr D. Y. Solandt and Dr E. Lehnartz for their valuable assistance. 
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Fig. 3. Horizontal line at top of record marks 0-25 sec. 
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EXPLANATION OF PLATES | AND I! 


PLATE I 


Fig. 1. “Diphasic” electric response of Carcinus limb nerve. a, Repetitive condenser 
discharges, 46 per sec. (Alternating discharges; two-way escape, shown by arrows.) 
Impulses starting from the far stimulating point (escape upwards) have been spread 
out in transmission. ö, Nearly maximal one-way constant current pulses, 23 per sec., 
about 17 msec. duration (shown by lines above). Repetitive response to each pulse. 
Note that successive “batteries” are almost identical. 


Fig. 2. Electric response of muscle to indirect stimulation by short condenser di 
16°C. “Cooled crabs.”” Read from left to right. a-c, showing facilitation (a and b), and 
effect of “gaps” (c) in same preparation. Frequencies: a, 23 per sec.; b and c, 70 per sec. 

Fig. 3. Electric response of muscle to indirect stimulation (in a central part of the mero- 
podite). Frequency of short condenser discharges about 70 per sec. Intensity: a, 4-25; 
b, 4-5; e, 4-75; d, 8-0 volts. Probably two nerve fibres stimulated. Intermittent failure 
of nerve excitation at threshold intensities (essentially the same phenomenon as in 
Text-fig. 4). a, subliminal; b, one nerve fibre excited—facilitation of muscle response 
—nerve intermittently fails to respond (“threshold fluctuation”); c, two nerve fibres 
excited—one fibre responding throughout, one occasionally failing; d, maintained 
„maximal“ response of both fibres. 


Prats II 
Fig. 1. “Diphasic” electric response of nerve to passage of constant current. A,, 0-3; 
A,, 0-5; A,, 0-6 volt. A-B, normal crab Ringer. B, Response after break of constant 
current maintained for several seconds (same nerve as in D, after returning to normal 


crab Ringer). C-D, Calcium effect (maximal constant current). C, fifteen times Ca; 
D,, ten times Ca; D,, same nerve before treatment with Ca. 


Fig. 2. Electric response of muscle to constant current applied to nerve. A,, threshold; 
Az, intermediate; A,, maximal. Note greater frequency and facilitation at higher 
intensity; beats (in A,) presumably due to slightly different frequencies in the few 
nerve fibres involved. Horizontal line at top of record marks 0-5 sec. 

Fig. 3. K contracture. Electric response of muscle after nine times K. Records from 
left to right, Rhythmic oscillations gradually slowing down. Horizontal line at top of 
record marks 0-25 sec. 
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ON THE BIOLOGICAL ASSAY OF THE CORTICAL 
HORMONE BY THE SURVIVAL METHOD, IN 
ADRENALECTOMIZED YOUNG RATS, AND ON 


THE INFLUENCE OF THE SALT CONTENT OF 


THE HORMONE EXTRACT 


By POUL SCHULTZER 
(From the Biological Laboratory, Medioinaloo, Lid., Copenhagen) 
(Received March 11, 1936) 


Fon the biologieal assay of the cortical hormone methods have been 
devised which are based on the ability of this hormone to counteract 
the symptoms resulting from bilateral adrenalectomy. The first investi- 
gators used its life-extending properties as a criterion of its effect, death 
in the course of a few days being the inevitable result of bilateral 
adrenalectomy. With our present knowledge of the relation between the 
hormone and sodium metabolism, the sodium chloride effect must be 
excluded before the whole of a life-extending effect can be ascribed to 
the hormone. 
Several methods have been proposed for the assay of the cortical 
hormone, based on the assumption that it will do away with other 
symptoms of cortical adrenal insufficiency. The growth of young rats 
after adrenalectomy has been used by Grollman and Firor [1933] in 
experiments that were, however, inconclusive. Similarly others have 
used the lowered resistance to various poisons and toxins; morphia has 
been suggested by de Meio and Lewis [1932], typhoid vaccine by 
Perla and Marmorston-Gottesman [193la], and later histamine 
[19316]. The lowering of functions as a result of adrenalectomy has also 
been employed; the greater tendency of rats’ muscles to tire [Everse 
and de Fremery, 1933] and their defective temperature regulation 
[Widström, 1935}. 
The method which has probably been most elaborated is, however, 
the method described by Pfiffner, Swingle and Vars [1934]. These 
investigators determined the smallest maintaining dose for adrenalecto- 
mized dogs. It was required that the blood urea of the animals should 
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not rise 100 p.c., and that clinical symptoms such as vomiting must not 
occur. The maintaining dose was found to vary from animal to animal 
by about 100 p.c. From the Mayo Clinic, however, Kendall et al. [1934] 
stated that the variations were still greater. 1 mg. of Kendall’s crystal- 
line hormone could be estimated at 10-100 dog units, i.e. a variation 
of 1000 p.c. 

Such great variations necessitate the use of many animals for bach 
assay. If only for that reason a small experimental animal like the rat 
would seem to be more suitable, as was, indeed, admitted by Harrop, 
Pfiffner, Weinstein and Swingle in 1932. They mentioned a study 
by Kutz 1931] in which he recommended the use of the life-extending — 
effect in young rats, and having found that none of them survived the 


operation for as much as 10 days, defined a rat unit as the amount of 


hormone which, injected daily, kept 50 p.c. alive for 20 days. They did 
not themselves advocate this method because various authors had given 
very different figures for the percentage mortality of young rats after 
adrenalectomy. 

That a method based on the survival of adrenalectomized animals is 
the surest one must be taken for granted. Two fundamental objections 
may be urged against the other methods. The first is that if a lowered 
function is used as the index, it is not certain that this lowered function 
is due to the lack of the cortex and not to that of the medulla. This, 
according to W yman and tum Suden [1932], is the case in the lowered 
resistance to histamine in the rat. The second objection is that in the 
relatively impure extracts examined there occur, in addition to cortical 
hormone, substances counteracting the changes produced by adrenal- 
ectomy. Eagle [1933] pointed out that a substance like choline, found 
in a well-known commercial preparation, did not prevent the death of 
adrenalectomized rats, though it might have other effects attributed to 
the hormone itself. 

Hence the survival of small adrenalectomized laboratory animals 
should afford a simple method of biological assay of the cortical hormone, 
planned like those used in the study of vitamins. Bomskov and 
Bahnsen [1935] have used in this way adrenalectomized infantile mice. 
In what follows an account is given of a series of experiments with young 
rats, based on a study [1935a] in which I was able to show that an 
improved operative technique might in a certain strain of rats involve 
a mortality of 100 p. c. 
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METHODS 


Experimental animals. Young animals of a pure strain of white rats 
originally derived from the State Vitamin Institute in Copenhagen were 
used for all the experiments. They have lived through the last seventeen 
generations under very uniform conditions, on Gudjénsson’s diet No. 4 
for breeding animals. On this diet the rats thrive and multiply at a 
satisfactory rate. It contains about 10 p.c. water and 0-4 p.c. NaCl. This 
diet was used also during the experiments. At operation their age was 
4-5 weeks and their weight about 50 g. After the operation the animals 
were kept in a thermostatic room at a temperature of 25+4°C. They 
were weighed every day with an accuracy of 1 g. 

The operation. Bilateral adrenalectomy was performed, as previously 
described [1935a], in one stage. The mortality in seventy-seven controls 
was 100 p.c. The duration of life after the operation was on an average 
5-7 days and varied from 3 to 12 days. For twenty-seven animals which 
had been kept alive for 21 days after the operation by injections of the 
cortical hormone the mortality after stopping treatment was 28 100 p. o., 
with an average duration of life of 5-9 days. 

The hormone extract employed. The extract (Ecortan 110) was pre- 
pared according to Swingle and Pfiffner’s method from the entire 
adrenals of hogs. A quantity of 70 kg. adrenal gland was worked up, 
and of this 54 kg. were used solely for this experiment. The extract of 
100 g. corresponded to 1 c. c. It was kept in a refrigerator at 2°C., as 
were also the dilutions employed. A residue determination showed 
1-4 p.c., more than half of it, 0-9 p.c., being sodium chloride titrated as 
chloride. The adrenaline content was slight. No reaction for histamine 
was given by the isolated guinea-pig uterus. 

The method of injection. The extract, like the physiological saline in 
the control experiments, was injected subcutaneously under the dorsal 
skin. It was given in a single daily dose; some few rats, however, were 
given their dose divided into two daily doses without any difference 
being observed in consequence. 


I. THE INFLUENCE OF SUBCUTANEOUS INJECTIONS OF PHYSIOLOGICAL 
SALINE ON THE LIFE AND GROWTH OF ADRENALECTOMIZED YOUNG RATS 


Since treatment with saline alone may prolong the life of adrenalecto- 
mized animals, including rats [Rubin and Krick, 1933], two series of 
experiments were carried out. In the first, thirty animals were given 
a single daily injection of 1 c. c. — saline. At the operation their 
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1. Incidence of death of seventy-seven adrenalectomized young rats. Average weight 


at operation 51 g. Death on the average after 5-7 days [from Schultzer, 1935 a]. 
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average weight was 50 g. The average duration of life after the operation 
was 7:7 days, all of them dying. Thus the period of survival was about 
2 days longer than that of the controls previously mentioned, which had 
received no injections. At death their average weight was 51 g. In the 
second series eleven animals, average weight 48 g., were given two doses 
of 1 c. c. 0-9 p. c. saline daily, double the dose. The average duration of life 
was 9-3 days, 1-6 days longer than in the preceding series, Their average 
weight at death was 50 g. The percentage. mortalities of the controls 
previously published and of these two series are given in Figs. 1-3. It is 
clear that even the smaller dose prolonged life and the larger one still 
more. But the effect is small compared with that of the ws aetna of the 
hormone for 21 days described below. 

Autopsy showed in the first series hemorrhages of the gastric mucosa 
in 67 p.c., in the second series in 82 p.c., such as I have previously found 
[1935 ö] in non-treated adrenalectomized young rats. 

The amount of physiological saline injected in the first series was 
equal to and in the second double the largest amount injected as a 
solvent for the hormone in the subsequent experiments. If, therefore, 
the extract is able to keep young rats alive for a relatively long period 
such as the arbitrary one of 21 days, it cannot at any rate be due solely 
to the sodium chloride in the extract. This disposes of the objection of 
Rogoff [1934] with regard to commercial preparations of the Swingle 
and Pfiffner type. 


II. THE INFLUENCE OF SUBCUTANEOUS INJECTIONS OF EXTRACT OF 
CORTICAL HORMONE (EOORTAN 110) ON THE VIABILITY OF ADRENAL- 
ECTOMIZED YOUNG RATS 


A total of 146 adrenalectomized young rats were treated with the 
aforementioned hormone preparation. The great majority of them were 
females, the males being employed for other experiments. Previous work 
had shown that sex did not in any way affect the results in experiments 
of this kind. 

The dose given varied; the largest corresponded to 100 g. of gland; 
the others were obtained by progressive halving of this, so as to corre- 
spond to 50, 25, 124, 6}, 34, and 1,% g. of gland. 

The doses between 25 and 3} g. adrenal gland were given in three 
different volumes, namely 1, J and 4 0. 0., the concentration of sodium 
chloride being the same in each case. Doses of a 100 g. were given only 
in a volume of 1 c.c., those of 50 g. in the two volumes 1 and } c. o., and 
that of 11 g. only in the volume of } e. 0. 
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Of the 146 young rats seventy-nine survived as long as the injections 
continued, that is 21 days; after the injections stopped they died on the 
2nd-28th day, with an average survival period of 6-8 days. This is some- 
what longer than in a group of twenty-seven rats previously described 
* al, where this period was 5-9 days. The mortality curve is shown 
in Fig. 4. 

The great majority of the sixty-seven animals which did not survive 
the period of injection were among the seventy-seven animals which 
were given doses of less than 12} g.; of these only seventeen did survive, 
whereas of the sixty-nine that received 12} g. or more sixty-two survived. 


Fig. 4. Incidence of death of seventy-nine hormone · treated adrenalectomized young rats 
after discontinuance of injection of cortical hormone. Death on an average after 


6-8 days. Two deaths, occurring on the 19th and the 28th day respectively, are not 
entered on the figure. 


Table I shows the number and length of survivals for each dose and 
volume. The length of survival is somewhat shorter with the smallest 
doses, but with the others there is little difference in this respect. Fig. 5 
shows the number of survivals with different doses without reference to 
the volume of saline in which the dose was contained, Figs. 6, 7 and 8 
the influence of this volume. The amount of sodium chloride in 1 c.c. of 
saline has, as we have seen, some effect by itself: its effect when acting 
with the hormone especially in smaller doses is seen by comparing these 
curves: those in Figs. 7 and 8 where the volume was } and 4 c.c. respec- 


tively show a steeper decline. 


Assuming that the reactions of adrenalectomized young rats to the 
cortical hormone shown in these curves is typical, it is clear that these 
animals can be used for assaying the hormone. If they are compared, 
it is seen that 12 g. of the gland is the smallest dose which prevents 


their death after adrenalectomy when injected daily for 21 days. It is 


true that some few animals receiving this dose died; but this is the case 
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Taste I. Average survival of animals in the various groups 


Average 
Number 
um 
of rats after 
Daily Volume living — 4 discon- 
dose of of dose in t Average after Average tinuance 
adrenal 0-9p.c. Number injection weight at injection weight at of in- 
gland of rats period of operation period death jeoctions 
g. 0. o. injected 21 days g. g. g. days 
100 1 8 7 51 63 59 7 
50 1 7 7 17 61 60 7 
4 8 8 52 69 65 9 
25 1 14 13 51 67 65 8 
5 4 52 71 71 6 
: . 7 6 49 64 60 6 
121 1 8 52 67 64 6 
6 4 51 70 67 9 
i 6 6 48 65 64 8 
1 18 7 53 65 61 5 
8 2 5⁴ 67 62 5 
20 5 50 69 66 5 
34 1 8 3 48 57 55 4 
i 8 0 54 — — 
x 
1-50 \ 700 0°50 log (Dose) 
50 2 12 6 3% Dose 
4 


Fig. 5. Survivals on the different doses of adrenal gland. The volumes of the doses not 
taken into account. 


too with animals receiving the eight times larger dose of 100 g. In both 
groups the number of survivals is ‘above 80 p.c. (Fig. 5). This dose of 
125 g. protects too even when given in a volume of } or }c.c. (Figs. 
7 and 8); but in these volumes especially the effect of reducing the dose 
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3 in. 
100 0 25 124 6} 
Fig. 6. Survivals of animals on the different doses of adrenal gland, all doses given in 
a volume of 1 o. e. 


p. e. survivals 


>. 


2-00 150 1-00 0-50 log (Dose) 
100 50 25 124 6} 34 Does in g 
Fig. 7. Survivals on the different doses of adrenal gland, all doses given in a volume of 3e. o. 
100 x | 
x 
70 
‘ 
8 
«0 
10 
100 50 25 124 64 


Fig. 8. Survivals on the different doses of adrenal gland, all doses given in a volume of g ¢.c. 
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to 6} g. is a sharp decline in the curve, and on again halving the dose no 
survivals occur at all. This steep decline of the curve for surviving 
animals is of essential importance for the purpose of r 
when my a limited number of animals is available. 


III. CoMPaRISON OF TWO DIFFERENT PREPARATIONS, 
Ecortan 110 anp Ecortan 156 
When a few points of this curve can be determined in its charac- 
teristic part, i. e. where it declines, preparations can be compared with 
each other, as in the example which follows. 


* 


50 (Dose) 
100 50 25 12} Dove 

of gland 


Fis. 9. Dose 50 g.“ in 1 c.c., 25 g.“ in 3 0. o. 
and 123 g.“ in } 0. o. 


The preparation 156 with which we are concerned is made like the 
preceding one, except that it is not finally purified by a permutite filtra- 
tion, as indicated by Swingle and Pfiffner, but by ether extraction 
[Kendall et al.]. This latter purification appears to be more effective, 
and the adrenaline content of the preparation from being just deter- 
minable has been reduced to a mere trace. It was diluted so that 1 c. c. 
corresponded to 50 g. adrenal gland. For the assay seventeen animals 
were employed. Fig. 9 gives the curve for the percentage survivals on 
doses of 50, 25 and 124 g. adrenal gland, in volumes of 1, t and c. o. 
respectively. A comparison between the logarithmic curves in Fig. 5 
and Fig. 9 then shows that the dose designated 25 in Fig. 9 lies in 
potency between the doses designated 6} and 124 in Fig. 5. It will be 
shown later how the relative potency can be calculated. 
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IV. THE INFLUENCE OF HORMONE INJECTIONS ON THE WEIGHT 
OF ADRENALECTOMIZED YOUNG RATS 


Clinical experience shows that the cortical hormone is indeed able to 
tide patients suffering from Addison’s disease over dangerous crises and 
prolong their life, but will not re-establish quite normal conditions, since 
the low blood pressure, the abnormal pigmentation, and other changes 
are either not affected at all or only in part. This may of course be 
because it is not only the cortex which is destroyed in this disease. 
It is therefore surprising that American investigators should state that 
adrenalectomized dogs under treatment with cortical hormone behave 


in all respects like normal animals, and that claims should be made in 


other communications that adrenalectomized young rats treated with 
hormone show a normal gain in weight. 

These communications are, however, incomplete, or they speak of 
a gain in weight as normal when in reality it was decidedly abnormal. 
Kutz [1931] gives no figures nor growth curves for his young rats, and 
Grollman and Firor [1933] publish figures far below those generally 
regarded as normal. | 

In this laboratory normal young rats weighing 50 g. gain 72 g. in 
weight in the course of 21 days on Gudjé6nsson’s diet No. 4. The animals 
treated with injections gained much less, those dealt with here on an 


average only 16 g. The highest figure was 34 g. in the 21 days of the 


injection period in a rat that had the dose of 25 g. daily. Only seventeen 
young rats in all gained 20 g. or more during the injection period. From 
Table I it is seen that there was no certain correlation between the size 
of the dose and the rate of growth during the injection period. On all 
doses, even those which resulted in the highest mortality, the gain in 
weight of the survivals ranged from 10 to 20g. during the injection 
period. The only exceptions were the animals on a dose of 3} g. adrenal 
gland, which gained only 9 g. This group, however, comprised only three 
animals, giving the figures 3, 10 and 14 g. 

Hence, broadly it may be said that rate of growth during the injection 
period was independent of size of dose, since eight times the smallest 
protective dose gave no better result than that dose itself. The highest 
averages were found on doses of 25 and 64 g. of gland, in both cases 
19 g. 

It has been held that by giving half the amount in each of two injec- 
tions daily, instead of the whole in one, better growth is obtained. I have 
tried this on a few animals. The result, however, was negative. They 
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had a dose corresponding to 12} g. of gland, and this dose was repeated 
8 hours later each day. Four animals treated in this way gained 14, 8, 10 
and 7 g. during the 21 days. | | 


V. THE OCCURRENCE OF REMNANTS OF CORTICAL TISSUE 
AFTER ADRENALECTOMY 


It is essential of course to make sure that the animals used for the 
estimation of the effect of the hormone die when the prolonged successful 
hormone treatment is stopped. Only then will it be safe to assume the 
complete absence of the adrenals which is indispensable. It is a well- 
established fact that small remnants of cortical tissue hypertrophy during 
hormone treatment [MacKay and MacKay, 1929; Carlson, 1931]. 
This appeared too from Gaunt and Gaunt’s experiments in 1934. 
Gaunt had shown in 1933 that in a certain strain of rats the mortality 
following adrenalectomy was 95 p.c. In the same strain of rats they 
found that the mortality was reduced to 50 p.c. when the animals had 
first been kept alive for some time by hormone injections. 

In my previous communication [1935a] I described an improved 
operative technique which gave in a group of seventy-seven young rats 
a mortality of 100 p. c., while twenty-seven young rats were kept alive 
for 21 days, like those dealt with in the present paper, by hormone 
injections. For this group too, the mortality was 100 p.c. when the 
injections were stopped, proving as I thought that in the given strain 


of rats the operation was really effective. Hormone treatment for 21 days 


must be considered sufficient to give any cortical remnants that may 
be left time to hypertrophy and then keep the animals alive after 
stopping the treatment. With the larger numbers, however, it turned 
out that a mortality of 100 p.c. after hormone treatment could not be 
maintained. In the preceding section an account was given of seventy- 
nine animals treated with preparation 110 and eight animals treated 
with preparation 156. As already mentioned, these eighty-seven animals 
died on cessation of the hormone treatment. But there were also some 
animals, eight in all or 9-2 p.c., not yet referred to, which did not die 
on stopping the treatment. Altogether I have operated upon 465 young 
rats with the improved technique, and fourteen have survived owing to 
remnants of cortical tissue. Of these 465 animals, 184 were treated with 
hormone for 21 days after the operation; and of these 184 animals, 
twelve did not die when the treatment had stopped, the larger numbers 
giving a somewhat lower percentage of such cases, viz. 6-5. 
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Dealing only with the eight animals in the experiments here described 
which did not die after cessation of treatment, most of them were already 
suspected of possessing cortical tissue when the injection period ended. 
Their growth rate was considerably above that of the other rats, as was 
previously pointed out [1935]. During the 21 days of the injection 
period their weight increased on an average 42 g. (min. 21, max. 68 g.), 
as compared with the average figure of 16 g. for all the eighty-seven rats 
which died spontaneously after the injections were discontinued. These 
eight animals were killed after 3-4 weeks, when it was considered unlikely 
that spontaneous death would occur. For a good growth rate was main- 
tained even then and in some progressively improved so as not to differ 
appreciably from the normal. On autopsy of these last no inconsiderable 
amounts of cortical tissue were indeed found. Suspicious bodies of tissue 
were cut across [1935a] and immersed in a dilute solution of silver 
nitrate. Blackening of the cut surface [Szent-Györgyi, 1928] was re- 
garded as a proof that cortical tissue was present if it occurred within 
a minute. In three of the animals cortical tissue was found in this way, 
and they were the very animals that had shown the most rapid rate of 
growth, 68, 58 and 48 g. respectively, during the 21 days. It was not 
possible, however, to find any remnants of cortical tissue in the other 
five, in spite of the most careful search, probably because of 8985 roughness 
of the 


Discussion 


First, some facts of fundamental importance for the evaluation of 
the experiments may be referred to: to begin with constancy of the 
response in the strain of rats used. It was an extremely pure strain, 
and it had lived for many generations (at least seventeen) under quite 
uniform conditions and on the same diet: secondly, the great attention 
paid to all details of operative technique; and last, but not least, the 
fact that the same hormone preparation could be used throughout the 
experiment. 

Conditions were is favourable for a uniform reaction to the injec- 
tions of the hormone. The only irregularity was due to the presence of 
remnants of cortical tissue. As shown in Section V they were found in 
only 6-5 p.c. of a large number. Such a relatively small proportion can 
readily. be eliminated without inconvenience. 

In estimating the effect of the cortical hormone the amount of saline 
in which the active principle was dissolved is important. In future assays 
in this laboratory we shall consider the advisability of giving all the 
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various doses in the same volume of saline, J b. C. or less. Or the effect 
of the saline may be entirely avoided by using a glucose solution as a 
solvent. It is true that the influence of sodium chloride was only 
noticeable when small doses were used in a large volume of saline (1 c. c.), 
but in a given case it may be of importance. 

As previously pointed out, it is only the declining part of the curves 
giving the percentage survivals (Figs. 7, 8 and 9) which can be used in 
an assay. As long as there is no fixed standard of comparison, such as 
there is in the case of insulin, it is necessary to start from a curve 
obtained in the way indicated. The assumption that young rats under 
the given conditions show a uniform reaction to the cortical hormone 


is justified by the curves found, except where the influence of the saline . 


asserted itself (Fig. 6). 

Taking preparation 156 in somewhat more detail as an example, a 
fortunate choice of dosage yielded points in the declining part of the 
curve giving the percentage of survivals (Fig. 9). If only those points 
are chosen which represent the doses 3 and } c. c., they are comparable 
with the curve in Fig. 8, the shape of which expresses precisely the effect 
of doses of these volumes. The two curves have the same shape and show 
the same ratio of potency for 110 and 156 at both these doses. This ratio 
is found by measuring the height of the ordinate for the points to be 
examined in Fig. 9. In the curve in Fig. 8 the abscissa is determined 
for the points having the same ordinate. From the length of the abscissa, 
which is the logarithm of the size of the dose, the effect of the dose is 
calculated, measured in g. of gland in preparation 110. In this way it 
will be found that 25 g. of adrenal gland in preparation 156 have the same 
effect as 8-3 g. in preparation 110, and 124 g. in preparation 156 the 
same as 4-9g. in 110. Hence in this investigation the ratios between 
the effects of preparations 110 and 156 have been found to be 25: 8-3 
(=3) and 12-5: 4-9 (=2-6) respectively. This agrees well with the fact 
that preparation 110 had been subjected to a less drastic purifying 
process involving less loss of active substance. 

The rat survival method therefore furnishes a good basis for the 
biological assay of the cortical hormone. For survival under the given 
conditions really is a criterion of the effect of the cortical hormone, and 
the percentage of survivals, if less than 80, is in direct ratio to the size 
of the dose. In practice this means that a rough determination is made 
by means of some few experiments, so that doses can be chosen which 
yield percentages of survival ranging from 80 to 0. Then groups of 
animals (2-3) are given the doses considered suitable. As to how many 
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animals there should be in each group, this work gives no certain in- 
formation. No doubt the larger the number of animals used the greater 


the degree of accuracy. It is, however, my distinct impression that by 


using only 6-8 animals in each group an accuracy below 50 p.c. may 
be attained. 
SUMMARY 


1. Young rats were adrenalectomized by an improved technique. 

2. The influence of injections of 0-9 p.c. saline on the duration of 
life was studied. When 1 c.c. was injected once daily the average survival 
period in a series of thirty animals was lengthened from 5-7 to 7-7 days, 
when twice daily in another series somewhat more. 

3. The percentages of survivals of seventy-nine hormone-treated 
animals were noted during a period of 21 days. The animals were daily 
injected with doses of a single preparation which ranged in the different 
groups from the equivalent of 100 g. of gland to 1/64 of that amount, 
and were given in most cases in three different volumes of 0-9 p.c. 
saline: I, 4 and }c.c. respectively. 

4. Curves show the percentages of survivals for different doses. With 
doses of 124 g. or more, 80-100 p. c. survived. With smaller doses the 
curve declines steeply. As to the effect of the volume, the survival per- 
centage for the smaller doses in the largest volume (1 c. c.) was decidedly 
higher than for the same doses in } or } C. C., a difference ascribed to the 
amount of sodium chloride. 

5. By comparing with these curves those obtained ith another 
preparation, tested on seventeen animals, the relative strength of the 
second preparation could be estimated with a fair degree of accuracy. 

6. The gain in weight during the injection period bore no relation 
to the dose given, but was always less than half that normal for animals 
of that size. Dividing the dose into two daily injections did not give 
better growth. 

7. Of animals kept alive for 21 days after adrenalectomy, 6-5 p.c. 
had to be discarded because remnants of adrenal gland hypertrophied 
during the period of observation. 


> 
8 * 
q 
ix 
€ 
4 
re 
5 
* 
, 
3 
i 
2 
on 
a 
* 
* 
* 
A 
7 
oy 
ka 
72 
* 
We 
* 
4 


236 P. SCHULTZER 


REFERENCES 


Bomskov, C. and Bahnsen, K. (1935). Arch. exp. Path. Pharma. 178, 1. 

Carlson, H. E. (1931). Endocrinology, 15, 524. 

De Meio, R.-H. and Lewis, J.-T. (1932). C. R. Soc. Biol., Paris, 111, 822. 

Eagle, E. (1933). Proc. Soc. exp. Biol., N. V., 30, 1094. 

Everse, J. W. and de Fremery, P. (1933). Ned. T. Geneesk. 77, 1, 600. 

Gaunt, R. (1933). Amer. J. Physiol. 108, 494. 

Gaunt, R. and Gaunt, J. H. (1934). Proc. Soc. exp. Biol., N. V., 31, 490. 

Grollman, A. and Firor, W. M. (1933), J. biol. Chem. 100, 429. 

Gudjénsson, S. V. (1930). Biochem. J. 24, 1591. 

Harrop, G. A., Pfiffner, J. J., Weinstein, A. and Swingle, W. W. (1932). Proc. 
Soc. exp. Biol., N.Y., 20, 449. 

Kendall, E. C., Mason, H. L., McKenzie, B. F., Myers, C. S. and Koelache, G. A. 

3 (1934). Proc. Mayo Clin. 9, 245. 

Kutz, R. L. (1931). Proc. Soc. exp. Biol., N. V., 29, 91. 

MacKay, E. M. and MacKay, L. L. (1929). J. Pharmacol., Baltimore, 35, 67. 

Perla, D. and Marmorston-Gottesman, J. (1931 a). Proc. Soc. exp. Biol., N. V., 
28, 475. : 

Perla, D. and Marmorston-Gottesman, J. (1931 ö). Ibid. 28, 650. 

Pfiffner, J. J., Swingle, W. W. and Vars, H. M. (1934). J. biol. Chem. 104, 701. 

Rogoff, J. M. (1934). J. Amer. med. Aes. 108, 1764. 

Rubin, M. I. and Krick, E. T. (1933). Proc. Soc. exp. Biol., N. V., 31, 228. 

Schultzer, P. (1935 a). J. Physiol. 84,70. 

Schultzer, P. (1935 ö). O. R. Soc. Biol., Paris, 118, 269. 

Swingle, W. W. and Pfiffner, J. J. (1931). Amer. J. Physiol. 96, 180. 

Szent-Györgyi, A. (1928). Biochem. J. 22, 1387. 

Widström, G. (1935). Acta Med. Scand. 87, 1. 

Wyman, L. C. and tum Suden, C. (1932). Amer. J. Physiol. 99, 285. 


5 
* 
. 
* 
i 
x 
4 
5 
* 
ag 
3 
2 
be 
2 
3 
a 
ag 
5 


237 


612. 463 


THE RENAL ELIMINATION OF PHENOL RED 
IN THE DOG . 


By H. L. SHEEHAN 


Crom the Department, of Pharmacology, Johns Hopkins Medical School, 
Baltimore, and the Research Department, Glasgow Royal Maternity 
Hospital) 

(Received March 27, 1936) 
THE introduction of explantation of the kidney by Rhoads [1934] has 
provided a great advance in methods of investigating renal function by 
the study of renal-vein blood. The essential step is to bring the left 
kidney and renal vein to a subcutaneous position so that, for months 
or even years later, blood can be collected from the renal vein without 
ansesthesia and without disturbing renal function at all. Previous 
methods of collecting renal-vein blood have always required anesthesia 
and usually the sacrifice of the animal. There is the further advantage 
that explantation allows the combined study of the renal-extraction 
ratio and of the urinary clearance of a substance over many successive 
short periods, The original investigations with this method are by van 

Slyke, Rhoads, Hiller and Alving [1934 a] using urea. . 

The present work is an application of the method to the study of the 
renal elimination of phenol red in dogs. Investigations with this sub- 
stance by sacrifice experiments in urethanized rabbits have been reported 
earlier [Sheehan and Southworth, 1934]. As shown in that paper, 
there are significant differences between the excretion of phenol red in 
dogs and in rabbits. The excretion in dogs is also different from that in 
man [Bernheim, 1926; Shaw, 1925; Goldring, Clarke and Welsh, 
1935]; great care must be observed in drawing analogies between renal 
function even in different types of mammals. 

In the present work a certain amount of phenol red has been injected 
into dogs, and at intervals afterwards a series of samples has been 
collected of arterial blood, renal-vein blood, and total urine. From the 
data obtained by quantitative analysis of phenol red in these specimens, 
calculations are then made of (a) the urinary clearance of the dye, (6) the 
renal extraction ratio, (e) indirectly from (a) and (b), the renal blood flow. 
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EXPERIMENTAL METHODS 


Female dogs weighing 10-15 kg. were used. They were carefully 
trained pets which would lie quietly on the table without restraint 
during the experiments. They were fed throughout the work on a diet 
rich in meat and had always unlimited drinking water. 


Preliminary operation 

The left kidney was brought to a subcutaneous position in the left 
loin by Rhoads’ method, with the minor modification that the renal 
vein was enclosed in a skin tube. The formation of this skin tube is not 
easy, as great care must be taken to avoid any obstruction of the vein: 
after the operation there must be no swelling of the kidney, and no cedema 
or hemorrhage around it. The right kidney was not removed, as it was 
thought undesirable to complicate the experiments by throwing all the 
work on one kidney [see Rhoads, Alving, Hiller and van Slyke, 
1934]. The animals were then left for complete healing of the operation 
wound; the experiments were conducted at various times from 1 to 8 
months after the initial operation. Two dogs with perfect renal-vein 
preparation were used for numerous experiments and provide most of 
the data recorded here. 

The kidney suffers no obvious ill effects from explantation. Two dogs 
were killed 9 months after explantation; during this time they had both 
been used for numerous renal-vein experiments. The left kidney was in- 
distinguishable from the right macroscopically or microscopically except 
for the presence of a rather thick fibrous capsule, and there was no 
recognizable development of new vessels around it. In one animal the 
left kidney was 2 g. heavier than the right, in the other it was 2 g. lighter. 

Renal-vein experiments 

Phenol red in 6 p.c. solution was injected intravenously in a leg vein 
in doses of 24-240 mg. per kg., or subcutaneously in doses of 10 mg. 
per kg. At definite times afterwards a series of blood samples was 
collected from the subcutaneous renal vein and from the heart. The 
venous sample was collected at a moderate rate, in order to avoid any 
danger of drawing blood back from the vena cava into the renal vein. 
A total of 2 0. o., or for certain purposes 5 c.c., of blood was obtained in 
each sample. Before the injection a self-retaining rubber catheter was 
passed into the bladder. All the bladder urine was collected at definite 
intervals by thorough washing out of the bladder. 
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Venous blood collection. In earlier experiments, with kidneys ex- 
planted by the original Rhoads’ method, great difficulty was often 
experienced in inserting a needle into the renal vein. Several attempts 
were frequently required, as the vein lay obliquely at some depth beneath 
the skin, and it was usually found necessary to fix the vein by stretching 
the skin along the line of the pedicle of the kidney. There was in addition 

the unlikely but worrying possibility that the needle might penetrate 
the renal arteries or the ureter. These points do not normally detract 
from the efficiency of the method; it is astonishing how much the renal 
pedicle may be traumatized by multiple punctures which miss the vein, 
often without any apparent interference with renal function. Never- 
theless, the skin tube method was found very much more satisfactory. 
Using an ordinary 5 C. 0. aspirating syringe with piston, the collection 
of blood from the renal vein is as easy and rapid and almost as certain 
as an ordinary subcutaneous injection. The vein is immediately sub- 
cutaneous and accurately localized, and there is no.need to touch or 
7 pull the skin over the flank in any way. Thus the kidney and renal 
pedicle are never subjected to any indirect pressure. After the first 
puncture, further samples are obtained by inserting the needle through 
the original hole in the skin; in this way several samples can easily be 
collected at minute intervals. Sometimes, after a few months, the skin 
tube becomes adherent below and flattens out, but the vein itself does 
not sink and thus the aspiration of blood is not interfered with. 
Heart blood collection. The heart blood was collected in a syringe by 
a long needle passed through the chest wall directly into the ventricle. 
It was usually obtained about half a minute after the renal-vein blood. 
The interval was always measured so that the dye content of the heart 
blood could be corrected to the time of the renal-vein blood collection. 
This method of collecting arterial blood has one serious cause of possible 
error. A good heart puncture has no obvious effect on the dog or on its 
renal function. A bad puncture may cause pain or even collapse, and 
renal function is then interfered with; in one dog, in which marked 
collapse occurred at the height of phenol-red excretion, not a trace of 
dye could be found in the bladder washings for 20 min. afterwards. The 
condition is, however, uncommon and is easily recognized. 


Chemical estimations | 
Phenol red was estimated in blood and tissues by the method used 


in previous work (Sheehan, 1931; Sheehan and Southworth, 1934]. 
Only one alcohol extraction of the blood was made; the amounts of dye 
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found in the supernatant were corrected according to the recovery of 
known amounts from blood over the whole range. Recovery is less com- 
plete at low concentrations than at high ones, but under standard condi- 
tions it is very constant. Small amounts of dye were read colorimetrically 
in very long thin Nessler tubes. The general accuracy of estimations is 
to about 2 p.c. with a downward limit of satisfactory readings at about 
0-2 mg. per 100 C. c. plasma. All estimations of phenol red in blood were 
made on whole blood. The figures thus obtained have been multiplied 
by a constant factor of 1-6 to bring them to plasma concentrations; the 
is carried only in plasma. 


THEORY OF CALCULATION OF RESULTS 


After the intravenous injection of phenol red: 

(1) The dye content of the blood peaks during about the first 20 sec., 
and then falls, at first rapidly and then more slowly. 

(2) The dye content of the kidneys (including the urine in the 
tubules) rises rapidly for about 2 min. and more slowly. for about 5 min. ; 
then it falls gradually during the excretion of the dye. 

(3) The dye first appears in the bladder urine in about 2? min. and 
reaches its peak in about 7 min. 

It is therefore clear that the dye content of the urine at any par- 
ticular moment cannot be directly compared with the amount of dye in 
the blood at that time. The two factors of importance which must be 
taken into consideration are: (a) the initial accumulation of dye in the 
kidney, (6) the time required for any individual molecule of dye to go 
from the renal artery to the bladder urine. 

(a) It is clearly impossible to find the amount of dye which is accu- 
mulated in the kidneys of a single dog at various intervals during the 
experiment. Indirect information can, however, be obtained by killing 
a number of dogs at various intervals after injection and analysing the 
kidneys; the results are somewhat variable, but give a general idea of 
the state of affairs. (The dye content of the kidneys includes, of ne, 
the dye in the lumen of the tubules.) 

The circles in Fig. 1 are from dogs which were given an intra venous 
injection of 24 mg. phenol red per kg. in 10 sec. After a prearranged 
period they were then given 5 c.c. of 20 p. c. KCN intravenously in 5 sec., 
the abdomen was opened, and the kidneys were removed within 16 sec. 
after beginning the injection of KCN. The points in Fig. 1 are from 
similar experiments by Bernheim [1926] and Olivet and Prufer 
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[1928] on normal or lightly urethanized dogs which had been given 
phenol red intravenously in doses of about 5 mg. per kg. (One observa- 
tion of the latter workers was made on a very emaciated abnormal 
animal, and is not included here.) 

In order to find the actual amount of dye extracted from the blood 
by the kidneys, the curve of kidney dye must be added to the curve of 
excretion of dye in-the bladder urine. From the combined curve it is 
possible to calculate the amount of dye extracted from the blood by the 
kidneys during any particular minute. It is, of course, clear that the 
curve of kidney dye is only approximate, in particular for any individual 
animal, and thus the calculations from it are open to some error. 
However, except in the first few minutes after injection, the dye content 


0 30 60 
Minutes after intravenous injection 


Fig. 1. Amounts of phenol red in kidneys at various times after intravenous injection 
of 5-24 mg. per kg. o=Present data. Data of Bernheim, and Olivet and Prufer. 


of the kidneys is small relative to the dye content of the urine, so that 
minor errors in the former amount are of little significance in the sum. 
The urinary output of dye in any minute, with this correction for 
change in kidney content of dye during the minute, gives the amount of 
dye extracted from the plasma during that minute. The true clearance 
is found by dividing this figure by the amount of dye in 1 0. c. of plasma 
during the same minute. 
(6) The other approach to the problem is to find how long the dye 
takes to go from the renal artery to the bladder urine, allowing for any 
temporary accumulation in the kidney cells or delay in the tubules, and 
for the dead space to the lower end of the ureters. Fig. 2 shows the early 
excretion of the dye after intravenous injection of 24 mg. per kg. during 
10 sec.; the bladder being washed out at intervals of 1 or 2 min. Two of 
the dogs were normal; two had the left kidney explanted. There is no 
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significant difference between them. It will be seen that the dye appears 
in the urine at 23 min. but does not reach its maximum until 7 min., 
though as mentioned earlier the peak of the dye in the blood is before 
20 sec. after injection. 

Mathematical examination of the curves representing the dye content 
of heart blood, urine and kidneys indicates that nearly all the dye ex- 
tracted from the blood by the kidneys in any particular minute reached 
the bladder between the end of the third minute and the end of the ninth 
minute, about half reaching the bladder by the end of the sixth minute. 


N 


— 
* 


Percentage of injected phenol red excreted per minute 


— 


0 10 20 30 40 
| Minutes after intravenous injection 
Fig. 2. Rate of excretion of phenol red in urine after intravenous injection of 24 mg. 
phenol red per kg. 


The time of this delayed excretion is of course somewhat approximate, 
as it is computed by the dissection of large curves into a number of 
small curves. A further criticism is that the calculations are made with 
most certainty during the first 10 min. after injection, and at this time 
the bladder excretion of the dye may be more delayed than later. 
Nevertheless, the estimated delay may be accepted as sufficiently accurate 
for the present purpose. In particular it is presumed here that the dye 
content of the bladder urine represents on the average the dye extracted 
from the blood about 6 min. earlier by the kidneys. All clearances are 
therefore calculated from the dye content of the blood 6 min. before the 
mid-point of the period of urine collection; the clearance being of course 
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at the earlier time. In the calculations of true clearances this time- 
allowance method gives very similar figures to the kidney-content 
method (a). 

The method of calculating the results may best be illustrated by 
part of the protocol of an experiment; this includes only the few data 
relevant to the particular calculations. The dye content of the heart 
blood at any particular time is obtained by interpolation along the curve 
of the series of heart bloods in the individual experiment. In the calcu- 
lation of renal extraction ratios, the correction to renal-vein time which 
is applied to the heart blood dye content is in most cases negligible. 


Dog 5. 10 kg. Surface area 0-43 sq. m. Weight of kidneys 56-2 g. 
0-0.10. 240 mg. phenol red, 6 p.c. intravenously. 


29.07. Heart blood 6 : 2-77 mg. dye per 100 c.c. plasma. 
32.00. Urine 6 
37.23. Renal-vein blood 7 1-48 mg. dye per 100 c.c. plasma. 
37,50. Heart blood 7 2-07 mg. dye per 100 c.c. plasma. 
45.00. Urine 7 | 21-4 mg. dye total. 

At 37.23 heart blood =2-08 mg. dye per 100 c.c. plasma. 


So renal extraction ratio =100 -29 pc. 
By comparison with the previous and subsequent renal-extraction ratios it appears 
that the ratios at 32.30 and 38.30 are probably also 29 p.c. 


(a) Mean urinary excretion of dye at 38.30 is 1-65 mg. per min. 
From graph of kidney dye contents, estimated loss of dye from kidneys at 38.30 is 
0-13 mg. per min. 
: So mean dye removed from blood by kidneys at 38.30 is 1-52 mg. per min. 
At 38.30 heart blood =2-03 mg. dye per 100 c. c. plasma. 
So plasma clearance at 38.30 is 57 
100 


So renal blood flow at 38.30 is [> x75 x 1-6=430 C. o. per min. 


(b) Mean urinary excretion of dye at 38.30 is 1-65 mg. per min. 
At 32.30 heart blood =2-42 mg. dye per 100 c.c. plasma. 


— 


So renal blood flow at 32.30 is x 68 x 1-6 =390 c.c. per min. 


x 100 = 75 c. c. per min. 


EXPERIMENTAL RESULTS 


Two complete experiments are graphed in Figs. 3 and 4; one after 
intravenous and one after subcutanous injection of phenol red. These 
show the large number of observations that can be made in a single 
experiment and the general regularity of the results. There are two 
striking differences between the two experiments, the renal-extraction 
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50 100 
Minutes after intravenous injection 


Fig. 3. Dog. Wt. 12:5 kg. Surface area 0-52 sq. m. given 3 g. phenol red intravenously 
at 0-2 min. 
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Fig. 4. Dog. Wt. 12-5kg. Surface area 0-52 sq. m. given 125 mg. phenol red 
subcutaneously: at 0 min. 
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ratios and the plasma clearances. This appears to be due not to the 
different route of injection but to the different levels of the heart blood 
dye contents. In experiments which were continued long enough after 
intravenous injection to allow the dye content of the heart blood to fall 
to the level of those in Fig. 4, the extraction ratios and clearances in- 
creased to the level of those in Fig. 4 also. The matter is illustrated in 


Extraction ratio p.c. 
3 
° 
o 


0 4 a. 


0 0-5 1 15 0 1˙5 5 10 20 
mg. phenol red per 100 c. 0. plasma 


Fig. 5. Relationship of extraction ratios to amount of phenol red in plasma. 
o=Present data. «= Data of Marshall. 


Figs. 5 and 6, which show the relationships of extraction ratios and 
clearances to the dye content of the blood; the data are combined from 
a number of experiments. 

It will be seen from Fig. 5 that the extraction ratios fall from about 
50 or 60 p. c. at 0-3 mg. to about 10 p. c. at 20 mg. dye per 100 c. c. 
plasma, and that they stay relatively constant above this concentration. 
In this figure are included also the data of Marshall [1931] on dogs 
under paraldehyde anesthesia; it will be seen that these are in good 
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correspondence with the present results. The dye is carried only in the 
plasma, so that there is no back diffusion from corpuscles to plasma in 
the renal-vein blood after passing through the kidney. Marshall’s 
measurements of extraction ratios, using plasma, are thus quite com- 
parable to the present ones, where whole blood was used for the chemical 
estimations. 

Apart from this relationship of extraction ratios to plasma concen- 
trations, there is no obvious relationship of extraction ratios to time 


0 95 1s 01s 3 10 
mg. phenol red per 100 0. c. plasma 
Fig. 6. Relationship of plasma clearances to amount of phenol red in plasma. 


after intravenous injection after the first minute. (No studies have been 
made of the extraction ratios in dogs during the first minute, but they 
are probably high at that time.) 

In Fig. 6 the clearances show a similar curve, becoming relatively 
constant at above 20 mg. per 100c.c. plasma. They are comparable 
among each other, as they are from dogs of roughly equal size. Most of 
them were measured on a falling blood dye concentration, but, as 
Shannon [1935] points out, this is not of significance with regard to 
phenol red. The shape of this curve has been noted previously by 
Marshall [1931] and Shannon [1935]. The following table gives a 
combination of their published figures, obtained on rather larger dogs 
than were used in the present work. 

PH. LXXXVII. 
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Plasma clearance, c. c. per min. 
Plasma phenol red Marshall 
mg. per 100 0. o. (mean figures) Shannon 
0-2-0-5 139 — 
1-1 — 130 
2˙1 — 117 
4-0 96 — 
70 90 — 
8-1 — 8⁴ 
9-2 — 75 
14-4 — 64 
22-8 — 50 


Shannon, with considerable justification, attaches more significance 

to the clearances relative to those of inulin. As in his work the inulin 

clearances were fairly constant, his dye clearances in absolute figures 
give a similar curve to that relative to inulin. 

Similar curves relative to creatinine clearances in the dog have been 
found by Elsom, Bott and Landis [1934] using neoskiodan and hip- 
puran, but not with skiodan. An analogy may be tentatively suggested 
between the excretion of the two former substances and that of phenol 


sis: Renal circulation rates 

The renal blood flow is calculated by dividing the blood clearance 
per minute by one-hundredth of the extraction ratio. The measurement 
of clearances is somewhat uncertain during the first quarter of an hour 
after injection, as the blood content is falling very rapidly; no blood 
flows are calculated for this time. The table below shows the renal blood 
flows calculated per square metre surface area; they are higher than 
the blood flows found by van Slyke, Rhoads, Hiller and Alving 
[1934 a] in dogs on a diet poor in meat, but in the same region as the 
blood flows found by them [1934 ö] in dogs on a diet rich in meat. As 
a renal blood flow of 500 C. c. per sq. m. corresponds in the dog to a renal 
circulation rate of about 5 c. c. per min. per g. kidney, it appears that 
the renal blood flow in the dog is very much higher than in the rabbit. 


Renal blood flow Number of 
c.c. per min. per sq. m. surface area observations 
300- 500 7 6 
500— 700 23 
700- 900 16 
900-1100 17 
1100-1300 6 


In any individual experiment the renal blood flow was usually fairly 


constant, but it was noticed to vary somewhat in = dog from day 
to day. 
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INTERPRETATIONS 


The primary matter in the discussion of the results in Figs. 5 and 6 
is the “binding” of most of the phenol red in the plasma by plasma 
proteins, so that only a part of the phenol red is filterable through a 
collodion membrane [Marshall and Vickers, 1923]. The amount of 
binding depends on the concentration of dye in the plasma. No measure- 
ments have been made in the present work; the following are approxi- 
mate figures for the dog taken from Grollman [1925], Marshall [1931], 
and particularly Shannon * The exact amounts vary somewhat 
in individual animals. 


phenol red 
per 100 0. o. plasma Percentage bound 
90 75-80 
3 67 
10 64 
20 60 
40 55 


Ekehorn [1935] reviews the evidence that the glomerular membrane 
is practically impermeable to normal plasma proteins and that its 
approximate limit of permeability is for proteins of molecular weight 
between 34,000 and 60,000. If the phenol red is bound to normal plasma 
proteins, as would appear from the work of Grollman [1925 and 1926], 
the bound phenol red would thus not be filterable at the glomerulus. 
If it is bound in the plasma to smaller molecules which cannot pass 
through a collodion membrane but which can pass through the glome- 
rular membrane, then the bound dye can be filtered at the glomerulus. 
Richards and Walker [1930] have shown that, in the perfusion of 
frog’s kidney, the phenol red that is “bound” in either frog plasma or 
half-strength horse serum is not filtered at the glomerulus; the percentage 
of dye filtered at the glomerulus is in each case the same as that filtered 
through a collodion membrane. This evidence cannot, however, be applied 
directly to the mammalian kidney, and the conclusion that the glome- 
rular membrane is impermeable to bound phenol red is not universally 
accepted [Eke horn, 1935]. The extraction of phenol red will therefore be 
considered here from the two aspects of the bound dye being unfilterable 


(a) Assuming that the bound dye cannot be filtered at the glomerulus. 

In the table below, the average figures of the experiments are correlated 

with the amounts of free dye from the data given above. It will be seen 

that with less than about 2 mg. total pene red per 100 C. o. plasma the 
17—2 
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kidney extracts more than all the free dye from the plasma, but at high 
concentrations it extracts only about a quarter of the free dye from it. 
On the other hand, the kidney extracts an absolute amount (averaging 
about 0-4 mg. dye per 100 c.c. plasma) in excess of 20 p. o. of the free dye 
in the plasma, when the plasma concentration is above 3 mg. per 100 c. % 

At lower plasma concentrations the absolute amount falls. 


I red per 100 0. e. Extracted as excess of 
— 
Total Free 20 p. c. of fres Extracted of free dye free dye 
0˙4 0-08 0-02 0-20 250 0-18 
1-0 0-25 0-05 0-33 132 0-28 
3-0 1-0 0-20 0-6 60 0-40 
10-0 3-6 0-72 13 28 0-58 
20-0 8-0 1-60 2-0 25 0-40 
40-0 18-0 3-60 4-0 22 0-40 


This relationship can be most easily explained by a combination of. 


the interpretation of phenol-red excretion by Shannon [1935] with tje 


filtration figures put forward by van Slyke, Hiller and Miller [1935]. 
The latter observers worked with creatinine,-ferrocyanide and inulin, 
and conclude that about 20 p.c. of the fluid of the plasma is filtered at 
the glomeruli, If this figure be accepted and applied to the present 
data, it would appear that the kidney extracts by filtration about 20 p.c. 
of the free dye reaching it in the plasma, and that in addition it extracts 
a small but fairly constant absolute amount of the total dye by direct 
absorption into tubular epithelium. This is probably about 0-4 mg. dye 
per 100 C. c. plasma passing through the kidney at plasma concentrations 
above 3 mg. per 100 c.c. With fairly steady blood flows of about 500 c.c. 
per min. the absolute amount would also be related to time (in these 
dogs about 1-2 mg. per min.); it is not clear which relationship is to be 
regarded as the more significant, time or blood flow. a 

Such a passage of phenol red directly from the blood into the tubular 
epithelium requires short discussion. During the first minute after intra- 
venous injection certain dyes are very rapidly taken up by tubular 
epithelium directly from the blood. Ekehorn [1935] makes the reason- 
able suggestion that this is a process of simple diffusion, the dye in the 
tubular cytoplasm being almost immediately bound on microscopic 
surfaces so that the “free” dye in the cytoplasm is always at a very 
low level. The gross impairment of the process by tubular damage 
[Sheehan, 1932] and the relatively low diffusibility of the dyes are, 
however, serious difficulties in the way of this view. But for the present 
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purpose it is not of great significance whether the process be regarded 
as one of vital absorption or as one of diffusion dependent on the vital 
activity of the epithelium. The essential point is that under given con- 
ditions it can be proved that certain dyes pass directly from blood into 
tubular epithelium. This potential absorptive activity of the capillary 
surface of tubular epithelium to phenol red cannot be neglected, though 
absolute proof is lacking in the case of this dye. There is, of course, no 
theoretical difficulty in the kidney extracting in this way more than the 
total amount of free dye; direct absorption of free dye would disturb 
the equilibrium in the capillary plasma, and bound dye there would 
then become free to attempt to maintain the equilibrium. 

(6) Assuming that the bound dye can be filtered at the glomerulus. If 
a little over half of the plasma is filtered at the glomeruli, it is unnecessary 
to postulate any direct absorption of the dye. It is, however, necessary 
that, at high concentrations of phenol red in the plasma, either a great 
reduction of filtration occurs or about two-thirds of the filtered dye is 

I reabsorbed and returned secondarily to the blood. If less than half of 
the plasma is filtered, some of the dye must be directly absorbed by 
tubular epithelium, increasing in amount as the blood concentration 
falls. The varying combinations are too numerous to warrant more 
precise speculation here. 

Accepting for purposes of discussion the view that 20 p.c. of the free 
phenol red is filtered and that, in addition, about 0-4 mg. of phenol red 
per 100 C. 0. plasma is directly absorbed by tubular epithelium, the fate 
of the directly absorbed dye must be considered. 

The dye is excreted almost quantitatively and its destruction in 
tubular epithelium thus cannot be accepted. It is equally impossible to 
assume that the dye remains stored in the epithelium. The direct absorp- 
tion of 1-2 mg. per min. would give in the course of an hour 80 mg. of 
dye in tubular epithelium: an hour after intravenous injection of 250 mg. 
of phenol red, the kidneys (including all the dye in tubular urine) contain 
only about 7 mg. of dye. 

Finally, if it be suggested that the dye which is being directly ab- 
sorbed throughout the whole period is also being returned to the blood 
in the same amount and at the same time, it is necessary to go back to 
the view that over half the total dye in the plasma, free and bound, is 
filtered at the glomeruli. | 

The simplest explanation is that the dye absorbed directly by the 
tubular epithelium is then secreted into the tubular lumen. This accounts 
satisfactorily for the very high clearances of the dye at low plasma 
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concentrations. By taking inulin clearance as a measure of filtration, 
Shannon found the secreted moiety to be as high in certain cases 
as 5 mg. per min., though, as he points out, the absolute figures are 
somewhat variable. 5 mg. per min. is definitely more than is calculated 
in the present experiments, but the dogs he used were much larger; the 
relative amounts of the filtered and secreted moieties” in his experi- 
ments are not greatly different from those found in the present work. 


Secreted moiety as percentage of total 


mg. per 100 c.c. — 
plasma Shannon Present — 
40 32 — 
20 — 20 
10 — 44 
0-5-1-5 83 — 
0-4 — 90 


Reference may also be made to certain recent studies on the tubular 
excretion of phenol red. These are on different lines from those recorded 
here and therefore will not be discussed in detail [Gersh, 1934; 
Chambers and Kempton, 1933; Chambers, 1935; Marshall, 1934]. 


SuMMARY 


In the dog the extraction of phenol red from the plasma by the 
kidney has been measured during the excretion of the dye at various 
times up to 3 hours after injection. 

The extraction ratio is about 50-60 p.c. at low plasma concentra- 
tions, and about 10 p.c. at high plasma concentrations. The clearances 
of the dye also show an inverse relationship to the plasma concentrations. 

These facts are in accordance with the view that about 20 p.c. of the 
plasma is filtered at the glomeruli, and that in addition there is secretion 
of a relatively constant amount of the dye by the tubular epithelium. 
Other explanations are, however, possible, dependent on the question 
of the filterability of bound phenol red by the glomeruli. 


My thanks are due to Prof. E. K. Marshall for his hospitality in permitting me to 
do this work in his laboratory, and for his constant encouragement and critical advice. 
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SYMPATHETIC VASO-DILATATION IN THE SKIN 
| AND THE INTESTINE OF THE DOG 


By EDITH BULBRING Ap J. H. BURN 


(From the Pharmacological Laboratory of the College of the 
Pharmaceutical Society, London) | 


(Recewed March 30, 1936) 


In a previous paper [1935] we have described the existence in the muscles 
of the dog of a sympathetic innervation of the vessels, which produces 
dilatation by liberating acetylcholine. We were able to demonstrate this 
dilator supply not only by giving ergotoxine, but also by injecting 
eserine, which enhanced the effect of the acetylcholine liberated ; further- 
more, we found that, during slow intravenous infusion of adrenaline, 
stimulation of the lumbar sympathetic chain caused dilatation. By the 
methods employed we were unable to obtain evidence of a similar cholin- 
ergic mechanism in the vessels supplying the muscles of the cat, though 
later work on the Sherrington phenomenon [Bülbring and Burn, 
1936] showed that it is certainly present but in a less developed form. 

The innervation of the vessels in the muscles of the two species is 
therefore very different, though no doubt the difference is quantitative 
rather than qualitative. We wished to discover whether similar cholin- 
ergic fibres were present in the vessels of the skin and of the intestine 
of the dog; a view of their functional significance must be affected by 
their distribution, for if localized in the muscles they become more 
interesting. 

A. VESSELS OF THE SKIN 

Comparison of the skinned and the normal leg. The first experiments 
were directed to comparing the effect of sympathetic stimulation upon 
the volume of the leg retaining its skin, with the effect upon the volume 
of the skinned leg. Dogs anmsthetized with Pernocton (Riedel-de 
Haén, Berlin: 10 p. e. aqueous solution of the sodium salt of secondary 
butyl-8-bromallylbarbituric acid) were used, and after evisceration both 
lumbar sympathetic chains were prepared for stimulation. From one 
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Fig. 1. Dog anesthetized with “Pernocton”. Upper tracing is the volume of one hindlimb 
after removal of the skin. Middle tracing is the volume of the other hindlimb retaining 
the skin. Lower tracing is the blood pressure. (a) shows the constrictor effect of 
sympathetic stimulation on the skinned limb; (b) the much greater effect of the same 
stimulation on the other limb. Adrenaline (1 in 100,000) was then infused into a vein. 
(c) is a repetition of (a) and (d) is a repetition of (b). Note that the response in (c) is 
dilatation, while that in (d) is constriction. 
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hindlimb the skin was removed and the foot was disarticulated at the 
ankle. Plethysmographs of the pattern described earlier [1935] were 
fitted to each hindlimb. The results obtained are illustrated in Fig. 1. 
In Fig. 1 (a) stimulation was applied to the chain leading to the skinned 
limb; constriction of the vessels in the muscles followed, but this was 
much less than the constriction produced in (6) when the same stimula- 
tion was applied to the other chain. Evidently the removal of the skin 
had greatly reduced the constriction which could be obtained when the 
skin was in circulation. A slow intravenous infusion of adrenaline (1 in 
100,000) was then begun. The blood pressure rose, and when it was 
steady at a higher level the stimuli were repeated. Fig. 1 (c) shows that 
the response in the muscle vessels was now a dilatation, while (d) shows 
that in the intact leg there was still constriction, though somewhat less 
than before. It seemed that the vessels of the skin were scarcely affected 
by the adrenaline infusion, for the reduction of the constrictor effect 
seen in the intact limb was probably due to the vaso-dilatation which 
occurred in the muscles. 

The venous outflow from the skin. In the hindlimb the blood from the 
skin below the knee can be collected as it flows through the saphena vein, 
and if a cannula is inserted, changes in the rate of outflow can be re- 
corded. We have investigated the effect of sympathetic stimulation upon 
this rate in dogs ansesthetized with “‘Pernocton”, eviscerated and given 
chlorazol-fast pink or heparin to prevent coagulation of the blood. The 
rate of outflow was recorded with Condon’s drop recorder. To our 
surprise the effect was rarely a simple retardation of the outflow, but as 
shown in Fig. 2 there was a retardation preceded by an acceleration. This 
acceleration was not always seen so clearly as in this figure, but it was 


rarely absent either in the anssthetized animal or in the perfused pre- : 


paration. In some experiments the preliminary acceleration was confined 
to one or two drops, after which there was retardation. In others there 
was (a) initial acceleration, (b) a period of retardation, (c) further accele- 
ration and (d) prolonged retardation of the outflow. In occasional experi- 
ments there was no acceleration at all, and in one experiment in an 
anesthetized dog, there was no retardation, as shown in Fig. 3; in this 
experiment a slow intravenous infusion of adrenaline (1 in 100,000) was 
made, and stimulation of the sympathetic chain resulted in a simple 
quickening of the outflow. A quickened outflow may be caused by con- 
traction of the vessels driving out the contained blood; if this occurs in 
the arteries it is clear that the acceleration must be followed by a retarda- 
tion due to restricted inflow, and if no retardation occurs, the acceleration 
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cannot be explained in this way. The acceleration in Fig. 3 therefore 
seemed to us to be due to vaso-dilatation. 


Fig. 2. Dog. “Pernocton” anesthesia. Record of blood pressure and outflow from 
saphena vein. Stimulation of the lumbar sympathetic chain caused an acceleration 
of the outflow followed by a retardation. 


Fig. 3. Dog. “Pernocton” anzsthesia. Record of blood pressure and outflow from 
saphena vein. Adrenaline (1 in 100,000) was infused into the external jugular vein. 
Brief stimulation of the lumbar sympathetic caused a simple acceleration of the 
outflow. 


Effect of adrenaline and acetylcholine. On the assumption of a vaso- 
dilator component in the sympathetic supply to the skin, it was necessary 
to discover if the transmission was adrenergic or cholinergic. We found 
that the acceleration of outflow was unaffected by atropine. We then 
determined the effect of acetylcholine and adrenaline on the venous 
outflow from the skin in dogs anesthetized with ether, in which the vagi 
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were cut, to discover whether vaso-dilatation occurred in response to 
doses which caused a fall in the general blood pressure. In several 
experiments we observed that small doses of adrenaline caused an in- 
crease in outflow, though in some there was no increase; on the other 


= 


Fig. 4. Dog. Ether; vagi cut. Blood pressure and outflow from saphena vein. The upper 
tracing shows that acetylcholine does not increase the outflow, while the lower tracing 
shows that adrenaline increases it. The figures are the number of drops in each period 
of 10 sec. | | 


hand, in no experiment did we observe that acetylcholine caused an 
increase. The difference between the two substances is shown in Fig. 4, 
in which 0-005 mg. acetylcholine did not affect the outflow while the 
same dose of adrenaline increased it by 50 p.c. The failure of acetyl- 
choline could be explained by supposing that the increased flow of blood 
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through the muscles reduced the amount of blood entering the skin 
vessels, so that although these were dilated there was no increase of 
flow. We tested this by perfusing the hindlimbs with defibrinated blood, 
and recording the outflow from skin and muscles separately. When 
acetylcholine was injected the stroke of the pump was increased to 
maintain the pressure in the dilated arteries; Fig. 5 shows that even in 
these conditions there was no increase in the skin outflow, though there 
was a large increase in the muscle outflow. | 

In perfusion experiments we did not observe any increased outflow 
after the injection of small doses of adrenaline, nor, when ergotoxine 
was previously given, after large doses of adrenaline. Even in the animal 


Fig. 5. Perfusion of dog’s hindlimb by Dale-Schuster pump. Outflow from saphena vein 
and from femoral vein recorded separately. When acetylcholine was injected into the 
arterial cannula, the stroke of the pump was increased to prevent the fall in pressure. 
Note the increase in outflow from the muscles, without an appreciable change in the 
outflow from the skin. 


with its natural circulation, when a full dose (25 mg.) of ergotoxine had 
been given, adrenaline failed to increase the venous outflow from the 
skin; this agrees with the finding of Clark [1934] in the cat. The in- 
creased outflow was observed in the dog only under ether and only after 
the injection of a small dose of adrenaline. 

Experiments using the leech preparation. Since acetylcholine had no 
dilator effect on skin vessels, it could scarcely act as the humoral trans- 
mitter of dilator impulses; we proceeded to test on the leech the venous 
effluents from skin and muscle collected separately during sympathetic 
Stimulation. One hindlimb was perfused with Ringer's solution con- 
tteaining eserine 1 in 400,000 and adrenaline 1 in 500,000 or 1 in 1,000,000. 
_. Cannule were tied in the external iliac artery and vein of one side, 
pointing towards the aorta; these were connected to the perfusion 


4 
$e * 
2 
<a 
a 
7 
: 
arp x 
8 
: 
<i 
> 
7 
5. 
RS 
0 
2 
8 
* 
* 
q 
+) 
* 
2 
* 
** 
bs! 
* 
8 
t of 
3 
* 
— 
2 * 


260 E. BULBRING AND J. H. BURN 


system. When all was ready, the aorta and vena cava were clamped to 
arrest the natural circulation, and the perfusion was begun through the 
opposite hindlimb. The venous outflow from the skin was collected from 
the saphena vein, while the muscle outflow was taken from the external 
iliac vein. Fig. 6 shows that the fluid collected from the skin during 
sympathetic stimulation contained no substance which caused contrac- 
tion of the leech, although such a substance was present in the fluid 
from the muscles collected simultaneously. 


Fig. 6. Effect on the leech preparation of samples of the venous effluent from the skin 
and muscle during perfusion of dog’s hindlimb. (a) and (e) were control samples 


collected simultaneously; (b) and (d) were samples collected during sympathetic 
stimulation. (e) shows the effect of acetylcholine 1 in 1000 millions. 


The ear vessels. Up to this point our evidence for the existence of 
vaso-dilator fibres to the skin was that an acceleration of the venous 


outflow occurred when the sympathetic chain was stimulated. We were 


able to obtain other evidence of the presence of dilator fibres in the skin 
of the ear by making plethysmograph records. We used a glass cardio- 
meter of a size convenient for a dog’s heart and fixed it in position over 
the ear of the dog anesthetized with “Pernocton”. Stimulation of the 
cervical chain caused vaso-constriction (see Fig. 7). Ergotoxine was then 
injected, after which the same stimulation caused dilatation; this dilata- 
tion remained unaffected by the injection of eserine and of atropine. 
These observations convinced us that vaso-dilatation ordinarily occurred 
in the skin, and we supposed that the acceleration of venous outflow 
was due to it; the evidence indicated, however, that the fibres were not 
cholinergic. 
The effect of ergotoxine. We first met difficulties in the way of this 
view when we came to test the effect of ergotoxine while taking records 
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Fig. 7. Dog. “Pernocton™ den, Upper tracing volume of ear. (a) shows con- 
strictor effect of stimulating cervical sympathetic; (b) shows dilatation produced by 
stimulation after ergotoxine; (c) shows that the dilatation persists after atropine. 


Fig. 8. Perfusion of skin of dog’s hindlimb. (a) shows that sympathetic stimulation 
caused arterial constriction accompanied by acceleration of venous outflow. (b) shows 
that after ergotoxine, stimulation had no effect on the arteries or on the outflow. 
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of the venous outflow. If the acceleration of the outflow during sympa- 
thetic stimulation was a vaso-dilatation, this acceleration ought still to 
follow stimulation after ergotoxine, and indeed might be expected to be 
greater and more prolonged than before. Different experiments were 
made; some were carried out on dogs anesthetized with “Pernocton”, 
and others were perfusions of the hindlimbs; in all of these the results 
were the same. After the injection of full doses of ergotoxine the effect 
of sympathetic stimulation was abolished altogether; there was no longer 
any acceleration or any appreciable slowing of the flow. We were puzzled 
by this finding, and at a loss to explain it until we carried out perfusion 
of the skin vessels only. A cannula was inserted into the femoral artery 
of an ansesthetized dog just above the origin of the saphena artery. The 
femoral artery itself was ligatured beyond the origin of this artery; blood 
was collected from the saphena vein. The skin was then perfused through 
the cannula with blood containing chlorazol-fast pink. The effect of 
stimulating the sympathetic chain is shown in Fig. 8; it will be seen that 
there was a rise of pressure in the cannula, indicating vaso-constriction 
and diminished inflow; however, there was also a quickened outflow. 
Since less blood was entering the skin vessels the increased outflow must 
have been due to the driving out of the blood contained in the capillary 
or venous areas; it could not be due to vaso-dilatation. A constriction 
of the skin capillaries or veins must be caused by constrictor fibres which 
should be paralysed by ergotoxine, and indeed it was found that after 
ergotoxine (Fig. 8 ()), not only the arterial constriction but also the 


quickened outflow was absent. Whether there is a sympathetic innerva- 


tion of the skin capillaries in the dog is uncertain, but evidence for a 
constrictor innervation of the veins has been obtained by different 
workers, the first of whom was Bancroft [1898]. The explanation which 


would cover all our observations on outflow is that there isa sympathetic _ 


constrictor supply to the veins as well as to the arteries. The initial 
quickening of the outflow when the sympathetic chain is stimulated 
would then be due to constriction of the veins, and the subsequent 
slowing to constriction of the arteries. If the venous constrictor supply 
is independent of the arterial constrictor supply, the occurrence of a 
simple acceleration of outflow in Fig. 3 when a slow intravenous infusion 


of adrenaline was made could be explained by supposing that the arteries _ 


were already constricted so that no further constriction occurred when 
the sympathetic chain was stimulated; the veins were, however, con- 
stricted by the stimulation more than before, so that accelerated outflow 
from the venous cannula was recorded. 


vo 


hi 
F. 
al 
th 
cc 
al 
Ww 
fo 
th 
in 


4 
2 
2 
acy 
4 
‘ 
P 
Bats 
4 
70 
xe 
if 
UI 
* 
in 
4 P 
85 
at 
h 
7 
SK 
to 
> 
a 
4 a 
50 
d 
ti 
2 
ow 
* 
‘ 
by 
* 
. 
Bie. 
* 
* 
> 


SYMPATHETIC VASO-DILATATION 263 


This explanation of the outflow changes excludes the existence of 
 -yaso-dilator fibres, and yet evidence of vaso-dilator fibres in the skin of 
tte ear had been obtained. We 
rlaealized that the skin of the ear 
might be unlike the skin of the 
hindlimb, and we made plethys- 
mograph records of the intact 

hindlimb, observing the effect of 
sympathetic stimulation after the 
‘injection of ergotoxine and atro- 
pine. We have previously shown 
that dilatation in the muscles by 
sympathetic stimulation after ergo- 
toxine is completely abolished by 
atropine, while we have described 
above that dilatation in the ear is 
unaffected by atropine. We found, 
however, in the hindlimb (with 
skin on) that, having given ergo- 
ttoxine and having obtained a dila- 
tation when the sympathetic chain 
was stimulated, the injection of 
atropine completely abolished all 
further dilatation after stimulation. 
This was a very surprising observa- 
tion in view of the results in the 
ear (Fig. 7), and we confirmed it 
by recording simultaneously the 


volume changes in the ear and the 
hindlimb. This is illustrated in © Dog. “Pernocton anmetheaia”. 
Fig. 9. The lumbar sympathetic pper record is volume of the ear. Middle 


and the cervical sympathetic were eee ee 
simultaneously stimulated from mpathetie stimulation. (b) shows dilate- 
tion similarly produced after ergotoxine. 
e induction coil; vaso- (eh) shows that after atropine, the dilata- 
constriction occurred in both limb prog 
and ear (Fig. 9 (a)). Ergotoxine 
Vas then given and the stimulation was repeated; vaso-dilatation 
followed in limb and ear (Fig. 9 (b)). Atropine was then injected and 
55 the stimulation was repeated. The vaso-dilatation appeared as before 
in the ear, but was completely abolished in the hindlimb (Fig. 9 (c)). 
PH. LXXXVII. 18 
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We conclude from this that vaso-dilator fibres do not occur in 
the sympathetic innervation of the skin of the dog except in the 
skin of the ear, and we think that the increased outflow from the skin 
of the leg which is caused by << Bae stimulation is due to con- 
striction of the vein. 


7 


B. VESSELS OF THE INTESTINES 


We have investigniod the splanchnic vessels by making plethysmo- 
graphic records of intestinal loops, and also by experiments in which the 
superior mesenteric artery was perfused with defibrinated blood. 


(1) Experiments on ancestheticed dogs and cats 


The animal was first anesthetized with ether, and then given Per- 
nocton”, 0+2-0-25 C. ot: per kg. by slow intravenous injection. The supra- 
renal glands on each side, approached through a lumbar incision, were 
excluded from the circulation, taking care not to injure the splanchnic 
nerve which was dissected from within the thorax. The animal was 
turned on its back, and a loop of intestine drawn out through a small 
mid-line incision. A length of 25-30 cm. was chosen and divided at each 
end from the rest of the intestine. The loop was washed through with 
warm Ringer’s solution to remove the contents. The plethysmograph 
was prepared from the composition used by dentists for dentures. An 
evaporating dish of diameter 10 cm. and depth 4 cm. was placed upside 
down upon a plate of glass, and a piece of composition was moulded to 
cover the evaporating dish and also the glass plate to a distance of 
3-5 om. from the edge of the dish. A hole 2 cm. diameter was cut in the 
centre. When the composition had set, the mould was used by fixing it 
with the concavity upwards so that the loop of intestine could be drawn 
into it through the hole; the rim was greased with vaseline and a plate 
of glass was clamped on top. A hole in the plate of glass was fitted with 


a rubber stopper bearing a short glass tube, and this was connected to 


a piston recorder. To prevent an air leak where the loop of intestine 
entered the plethysmograph, small pieces of cotton wool soaked in 
vaseline were used, but as the bottom of the plethysmograph was usually 
touching the animal, there was no tendency for the loop to withdraw 
and for a leak to develop. By raising the plethysmograph slightly it was 


possible to stop any opposite tendency to pressure on the venous return 


which would have led to an accumulation of blood in the loop. The open 
ends of the loop were left outside the plethysmograph. Stimulation was 


<3 ¥ 
4 
3 
1 
* 
* 
2 
7 
. 
; 
a 
4 
x 
¥ 
4. 
(2 
4 
* 
— 


SYMPATHETIC VASO-DILATATION 265 


Fig. 10. Dog. “Pernocton” anesthesia. Effect of splanchnic stimulation on volume of 
intestinal loop after removal of suprarenals. (a) constriction; (b) constriction during 
intravenous infusion of adrenaline; (c) dilatation after the injection of ergotoxine. 


| 5 _ Fig. 11. Experiment in oat, as in Fig. 10. (a) constrictor effect of splanchnic stimulation; 


be) small dilator effect of stimulation after ergotoxine; (c) dilator effect of adrenaline. 
18—2 
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applied to the splanchnic nerve at the incision in the lumbar muscles 
through which the right suprarenal was approached. 

(a) Splanchnic stimulation before and after ergotorine. Splanchnic 
stimulation always caused constriction of the intestinal vessels; after 
the injection of ergotoxine it always caused vaso-dilatation. Fig. 10 
(a) and (6) shows the response in the dog to stimulation before and during 
the infusion of adrenaline. Fig. 10 (c) shows the vaso-dilatation obtained 
in response to the same stimulation after the injection of 45 mg. ergo- 
toxine. In the cat vaso-dilatation was not always obtained in response 
to stimulation after ergotoxine, though constrictor effects were abolished, 
and as a rule small dilator effects could be obtained just after the full 
dose of ergotoxine had been given. Dilator fibres appeared to be more 
prominent in the splanchnic nerve of the dog than in that of the cat, as 
we found in the sympathetic supply of the muscles of the hindlimbs. 
Fig. 11 shows the best vaso-dilatation we were able to record in the 
intestines of the cat. 

(b) Effect of adrenaline tone. In previous observations on the vaso- 
dilator fibres to the muscles of the hindlimbs we found that if a tone was 
created by infusing a weak solution of adrenaline at a constant rate into 
a vein, brief stimulation of the lumbar sympathetic chain usually resulted 
in a simple dilatation. We have made many attempts to obtain the same 
effect in the splanchnic vessels, but we have had success in one experi- 
ment only; this is shown in Fig. 12. In (a) the usual constrictor response 
to splanchnic stimulation is shown. After adrenaline of strength 1 in 
100,000 had been ‘slowly infused into the jugular vein, the response in (b) 
was obtained ; the constriction remained but was followed by a dilatation. 
Continued infusion of adrenaline then led to the response in (¢), which 
was repeatedly obtained during the rest of the’ experiment; it is a simple 
vaso-dilatation. | 

In several experiments the infusion of Monae ee changed the re- 
sponse to that shown in Fig. 12 (b), in which dilatation followed an initial 
constriction, but in several others there was no modification of the con- 
strictor response whatever (see Fig. 10). are 

(c) Effect of eserine and atropine. In the experiments on the muscles 
of the hindlimbs it was observed that a constrictor response to a brief 
stimulus of the sympathetic chain was converted by the injection of 
eserine into a dilator response. Moreover, all dilator responses, whether 
seen after the injection of eserine or of ergotoxine, were abolished by 
atropine. We found that the injection of eserine did not lead to any 
change in the constrictor response to splanchnic stimulation, nor were 
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we able to observe that eserine increased the dilator response obtained 

in the presence of ergotoxine. Similarly, atropine did not abolish the 
dilatation seen after ergotoxine. The dilatation shown in Fig. 10 (c) was 
recorded after the injection of 10 mg. atropine, and was indeed a bigger 
dilatation than was observed earlier before the atropine was given. The 
dilator effects obtained in the single experiment in which the infusion 
ol adrenaline reversed the effect of splanchnic stimulation, as shown in 
Fig. 12, were likewise unaffected by atropine. 


Fig. 12. Fig. 13. 


Ni. 12. Dog as in Fig. 10. An unusual effect of intravenous infusion of adrenaline is seen. 


The constriction observed in (a) in response to splanchnic stimulation gave place to 
dilatation observed in (c). Ergotoxine was not injected. 

Fig. 13. Dog, ether anzsthesia, vagi cut. Upper record is the volume of a loop of in- 
testine; middle record is the volume of the denervated leg. Intravenous injection of 


adrenaline caused dilatation of the intestine and of the leg; acetylcholine caused 


dilatation of the leg only. 


d) Effects of the injections of drugs. The result of stimulating the 
_ splanchnic showed that the vaso-dilator fibres to the intestines were 
_ Certainly different from those to the muscles of the hindlimbs, and 
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probably did not act by liberating acetylcholine. We, therefore, made 
a series of experiments to determine the effect of injecting small doses 
of acetylcholine, and also of adrenaline and histamine. These were carried 
out on dogs and cats anesthetized with ether in which the vagi were cut, 
and from which the suprarenal glands were removed. The results in dogs 
were remarkably consistent. Small intravenous doses of adrenaline which 
caused a depressor effect always caused an expansion of the intestinal 
volume; on the other hand, it was surprising to find that small doses of 
acetylcholine never caused an expansion, but the intestinal volume fell 
with the blood pressure. Small doses of histamine caused some expan- 
sion, but not so much as adrenaline. Dale and Richards [1918] found 
that in the hindlimb of the cat the dilator effect of these three substances 
was the reverse of this; acetylcholine always caused dilatation, histamine 
sometimes did so, and the effect of adrenaline resembled that of hista- 
mine, but its vaso-dilator action was always less. We therefore made 
experiments, from one of which the record in Fig. 13 was taken, in which 
the volume of an intestinal loop and also of one hindlimb (after removal 
of the skin) were simultaneously recorded. Fig. 13 shows that while 
adrenaline caused expansion both in the limb and the intestine, acetyl- 
choline dilated the limb, but failed to expand the intestinal volume. 

Observations in the cat were less uniform than those in the dog, for 
in some cats intravenous injection of acetylcholine caused expansion of 
the intestine as well as of the leg. In other cats the results were the 
same as those in the dog. Adrenaline caused expansion of the intestinal 
loops of all cats, though perhaps not so much as in dogs. 

In 1934 Clark described experiments in which he recorded the outflow 
from an intestinal véin in the cat and injected small doses of adrenaline 
intra-arterially. He observed always a diminution in the outflow. We 
therefore made some observations in dogs in which adrenaline and 
acetylcholine were injected into the aorta by way of a catheter passed 
down the left carotid artery. Adrenaline again caused expansion in the 
intestinal loop, while acetylcholine did not. There remained doubt of the 
true interpretation of this expansion; therefore simultaneous records 
were made of the volume of one loop and of the venous outflow from a 
second loop. The preparation of course necessitated more exposure and 
handling of the intestines than that required for making the plethysmo- 
graph record only. In no experiment did we obtain a satisfactory ex- 
pansion of volume accompanied by a quickening of outflow. In some 
there was a small expansion of the volume, but no change in the outflow; 
in one experiment the effect 8 recorded was a diminution in 
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the loop volume accompanied by a clearly diminished outflow. The 
expansion of volume caused in intestinal loops by small doses of adre- 
naline is certainly a vascular effect; if it were due to an action on the 
smooth muscle of the intestine wall the result could not be in one 
experiment an expansion and in another a contraction of the volume. 
The vascular change which causes an expansion may be in part a venous 
constriction, which our experiments do not exclude. We think, however, 
that the expansion is a vaso-dilatation, and that the failure of Clark 
and ourselves to observe this by outflow records is due to the evanescence 
of vaso-dilator effects of small doses of adrenaline in the delicate tissues 
of the intestines. The effects observed i in perfusion. experiments, which 
were small, give support to our view. — 


(2) Perfusion experiments 

A long loop of dog’s intestine was perfused by way of a cannula in- 
serted into the opening of the superior mesenteric artery in the aorta. 
The ligature around the artery and cannula was tied as close as possible 
to the aorta to avoid including nerve fibres in the ligature. The venous 
outflow was taken from a cannula in the portal vein. The loop of intestine 
was washed through with warm Ringer’s solution to remove the contents 
and pieces of wide glass tube were tied in the ends of the loop to permit 
free drainage out of the intestine. The splanchnic nerve was dissected to 
the semilunar ganglion; the stimulating electrodes were applied some- 
times to the preganglionic fibres and sometimes to the postganglionic 
fibres for, in the course of an experiment, the ganglion, being without 
a blood supply, often ceased to transmit impulses. The venous blood 
was reoxygenated by pumping it through the lungs which were ventilated 
with oxygen containing 5 p.c. CO,. ADale-Schuster pump was used. 
In preparing the perfusion, some time always elapsed between the arrest 
of the natural circulation and the start of the artificial circulation. 

(a) Experiments with an artificial tone. When the intestines were 
perfused with defibrinated blood, good constrictor effects were obtained 
on stimulation of the splanchnic nerve before adrenaline was added to 
raise the tone; after the addition of adrenaline, stimulation was still 
followed by an initial constriction, though this was sometimes succeeded 
by dilatation; in some experiments no dilatation-was observed although 
the tone was high. Dilatation was more easily seen in response to brief 
stimuli than to longer ones as shown in Fig. 14, in which the effect of 
stimulation for 5 sec. was mainly dilator, but for 20 sec. was constrictor. 
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Unlike that in the hindlimbs, dilatation in the intestines was not more 
favoured by an adrengline tone than by a tone due to pituitary extract, 
and the dilatation was unaffected by the injection of eserine or of 
atropine (see Fig. 14 (d)). | | 

(b) Experiments with ergotorine. We hoped to determine the effect of 
ergotoxine most easily by raising the naturally low vascular tone with 
pituitary extract; we found, however, that the constrictor effect of 


Fig. 14. Fig. 15. 


Fig. 14. Perfusion of dog’s intestine when adrenaline was added to the perfusing blood. 
Brief stimulation of splanchnic nerve (a) caused vaso-dilatation; longer stimulation 
caused vaso-constriction. Between (c) and (d) eserine was added. (d) shows that the 
vaso-dilator effect of brief stimulation is not increased by eserine. 


Fig. 15. Perfusion of dog’s intestine with blood to which pituitary extract was added. 


After giving ergotoxine, the effect of splanchnic stimulation remained constrictor, 
although the effect of adrenaline was dilator. (In the absence of a pituitary tone, 
ergotoxine reversed the effect of splanchnic stimulation.) Upper tracing is 
outflow using Gaddum’s recorder. 


splanchnic stimulation was never abolished by ergotoxine, although the 
effect of adrenaline injections, even of large doses, was dilator (Fig. 15). 
It was only when no artificial tone was maintained that the effect of 
stimulation of the splanchnic nerve was reversed by ergotoxine; the 
vaso-dilatation observed was however slight. 


(c) Injection of drugs. With the natural tone in the perfused prepara- 


tion, small doses of adrenaline caused constriction. In the presence of 
a pituitary tone, we were able to observe slight dilator effects, as shown 


in Fig. 16. 
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Histamine and acetylcholine were tested in the presence of an adre- 
naline tone; the former always produced a good dilatation, but acetyl- 
choline produced in some experiments very little dilatation and in others 
none (see Fig. 17). To judge from these perfusion experiments only, it 


Fig. 16. Fig. 17. 


Fig. 16. Perfusion of dog’s intestines with blood containing pituitary extract. (a) and (b) 
show the partly dilator effects of small doses of adrenaline. e onan 
effect of adrenaline after ergotoxine. 


Fig. 17. Perfusion of dog’s intestines with blood containing adrenaline. (a) shows dilator 
effect of histamine, (6) shows that acetylcholine has no effect. 


might be concluded that adrenaline had not much more dilator effect 
in intestinal vessels than acetylcholine; in the muscles of the hindlimb, 
however, small doses of adrenaline have also very little dilator effect in 
perfusion experiments, though they have a ss dilator action in the 
anesthetized animal. 


Discussion 


The results show that sympathetic dilator fibres which act by libe- 
rating acetylcholine are not present either in the skin or in the intestine 
of the dog and are therefore confined to the skeletal muscles. In the 
skin we have found no sympathetic dilator fibres except in the ear. We 
have no means of knowing the purpose of these dilators to the ear, and 
can only suggest that the dog may use its ears as a subordinate mechanism 
for heat regulation. It is known that the rabbit controls body tem- 
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perature by means of its ear vessels, though it does so by changes in 
vaso- oonstrictor tone and by the opening and closing of arterio- venous 
anastomoses [Grant, Bland and Camp, 1932]; it may be that the dog 
has developed vaso-dilator fibres for the same purpose. Stimulation of 
the sympathetic chain usually produces a quickened outflow from the 
saphena vein preceding a retardation, but this acceleration is abolished 
by ergotoxine and we conclude that it is due to constriction in the veins 
expelling the blood they contain. The combination of venous constriction 
with arterial constriction affords a means by which the large store of 


blood in the skin can be made available. That this store is much greater 


than in the muscle vessels is shown in Fig. 1. 

The effect of splanchnic stimulation on intestinal vessels agreed for 
the most part with expectation; it was always constrictor except after 
ergotoxine, when it was dilator. The dilator responses in the dog were 


large and easily repeated; in the cat ‘they were small and only obtained. 


at a certain stage. 

Neither in the skin nor in the intestine of the dog was acetylcholine 
found to exert an appreciable dilator action, and its ch effect 
depends on the dilatation in the muscles. 

The effect of small doses of adrenaline demands special 0. 
Clark, investigating the tissues of the cat, failed to obtain any increased 
outflow from the skin veins or from the intestinal veins, though after 
giving ergotoxine he obtained an increased outflow from the intestine 
but not from the skin. We have certainly observed an increased outflow 
from the skin of the dog after the injection of doses of adrenaline which 
cause a fall of blood pressure, though we find, in agreement with Clark, 
that after ergotoxine adrenaline does not accelerate the flow through 
the skin. We think that the increased flow caused by „ is a 
vaso-dilatation, but it may be due to venous constriction. The position 
in the intestine is also uncertain. Under ether or under Pernocton”, 
even when the blood pressure was low, we invariably observed that small 
doses of adrenaline caused expansion of the intestinal volume whether 
given intravenously or intra-arterially; similarly after ergotoxine, larger 
doses had this effect. We interpret these expansions as due to vaso- 
dilatation since we observed vaso-dilator effects in perfusion experiments 
also. Nevertheless, when we recorded the venous outflow from an intes- 
tinal loop as well as the volume of another loop, we were no longer able 
to see a vaso-dilator effect with small doses of adrenaline. The vessels 
of the intestine are very delicate compared with those of the skin or 
skeletal muscles, and the exposure and manipulation necessary to insert 
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the cannule appear sufficient to cause the vaso-dilator response to 
disappear. 

In several places in his paper Clark suggests that the existence of 
vaso-dilator fibres can be concluded from a vaso-dilator effect of adre- 
naline; there seems insufficient justification for this view. For example, 
small doses of adrenaline will dilate the vessels of the skeletal muscles of 
the dog; yet the sympathetic vaso-dilator supply does not work by 
liberating adrenaline (or sympathin); the vaso-dilator fibres are com- 
pletely paralysed by atropine, yet small doses of adrenaline cause the 
same dilatation as before. The action of adrenaline has no necessary 
relation to the innervation. 


SuMMARY 


1. In contrast to those in the muscles, the vessels in the skin of the 
dog’s hindlimb receive no dilator sympathetic supply. Stimulation of 
the lumbar sympathetic chain causes acceleration as well as retardation 
ol the outflow from the saphena vein, but this acceleration is abolished 
buy ergotoxine and appears to be due to venous constriction. 

2. The vessels of the dog’s ear are unlike those of the skin of the 
hindlimb; after injection of ergotoxine, stimulation of the cervical sympa- 
thetic chain causes dilatation of the ear. This e! is unaffected 
by eserine or by atropine. 

3. No acetylcholine is liberated in the skin vessels during sympathetic 
stimulation. 

4. Acetylcholine does not cause increased outflow from the saphena 
vein, though small doses of adrenaline do so in the dog under ether. 
After giving ergotoxine, adrenaline does not increase the outflow. 

5. The vessels of the intestine receive a dilator supply in the 
splanchnic nerve which can be demonstrated in different ways. Dilata- 
tion is regularly obtained in the anesthetized animal by stimulation 
after giving ergotoxine. Dilatation may be obtained in exceptional 
experiments when the splanchnic is stimulated during the intravenous 
infusion of adrenaline. Dilatation can be obtained in intestines perfused 
with blood containing adrenaline. 

6. These dilator effects are all unaffected by eserine or by atropine. 

7. In the perfused preparation ergotoxine reverses the constrictor 
effect of splanchnic stimulation only with a natural tone. When the tone 
is raised with pituitary extract the constrictor effect of splanchnic stimu- 
lation was never abolished by * though large doses of adrenaline 
caused dilatation. 
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8. Acetylcholine does not dilate the vessels in the intestines of the 
dog, but it does so sometimes in the cat. 

9. Small doses of adrenaline will regularly cause vaso-dilatation if 
the tissue is in good condition. 


= The expenses of this research have been in part defrayed by a grant from the Govern- 
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RESPIRATION AND FUNCTIONAL ACTIVITY 


By W. DEUTSCH anv H. S. RAPER 
(From the Department of Physiology, University of Manchester) 
(Received April 6, 1936) 


Ir has long been established that in some organs an increase in functional 
activity is accompanied by an increase in oxygen consumption. On the 
other hand, we have as yet no precise knowledge as to how this increased 
respiratory activity is controlled. Investigations up to the present have 
been carried out almost exclusively on organs in vivo by measurements of 
the blood flow and analysis of blood gases, although a few experiments 
have been done on isolated frog muscle which show that the respiratory 
activity after stimulation is greater than that of resting muscle. 

During recent years the use of tissue slices introduced originally by 
Warburg has found increasing use in studying the respiratory activity 
of tissues, and it seemed to us worth while to attempt to make use of 
this method for investigating the increased respiration associated with 
functional activity. It has the great advantage that the chemical en- 


= vironment of the tissue can be modified more readily than with an organ 


in vivo. It is also possible to measure the respiration independently of 
changes in blood flow and reflex nervous stimulation. 

The question naturally arises, to what extent is the respiration of tissue 
slices comparable in a quantitative sense with that of the organ itself in 
vivo? Not many comparative observations on this point have been made, 
but Minami [1923] found the respiration of liver slices of cats near the 
upper limit of the values obtained by Barcroft and Shore [1912] on 
perfusing the liver of living cats. 

With the submaxillary gland our own observations show that the 
resting respiration in vitro of tissue slices is certainly not less and usually 
somewhat greater than that obtained by the blood gas-blood flow method. 
The resting oxygen consumption of the submaxillary gland of dogs in 
vivo as shown in the paper by Barcroft and Kato [1916] is 7-8, 8-1, 3 
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and 6yl. per hour and mg. dry weight of the gland when given in War- 
burg’s units. Our figures for dogs lie between 6-3 and 10-6yul. For cats 
the average value taken from a great number of experiments was still 
higher, namely 10-2yl. 

We have chosen the salivary glands for this study in the first instance 
because of the large number of observations that have been made with 
them in vivo by others and which theréfore serve as a basis for comparison. 
It has also been established by Babkin, Gibbs and Wolff [1932] and 
by Babkin, Alley and Stavraky [1932] that the influence on the 
submaxillary gland of stimulation of its parasympathetic nerve is to 
liberate a chemical transmitter, in all probability, acetylcholine, and that 
this transmitter by itself will cause increased secretion. As the increase in 
functional activity thus appears to be a purely chemical effect, it was of 
interest to find out the effect of acetylcholine on slices of the gland in 
vitro. The parallel effect of stimulation of the sympathetic nerves which 
may also be presumed to act by the liberation of a transmitter—in this 
case adrenaline or some similar substance—has been studied by the in- 
vestigation of the action of adrenaline on the respiration of tissue slices 
of salivary glands. The observations which follow are essentially pre- 
liminary and are intended to demonstrate the 9 of this — 
for the — — in view. 


METHODS 


The measurement of the oxygen uptake was carried out according 
to Warburg’s manometric method [1926] in manometers with cone- 
shaped vessels with side bulb and inner container, the total volume of 
which was about 14 ml. The temperature in all experiments was 37-5° C. 
The gas phase-was, if not stated otherwise, oxygen from a cylinder, as a 
precautionary measure, although control experiments did not show any 
difference when air was used instead of oxygen, thanks to an improved 
method of preparing the tissue slices. The solution used was Ringer with 
0-2 p. o. glucose and 3-0 x 10 M NaHOO, per litre. The inner cup con- 
tained 0-1 ml. 8 p. o. KOH. The various solutions the effect of which on the 
tissue respiration was to be examined were placed in the side bulb and 
tilted into the main vessel after the respiration of the resting gland had 
been examined for 20-30 min. (according to the amount of tissue used). 
The ensuing rate of the oxygen uptake was again observed after an inter- 
val of 5-10 min. (for restoring the equilibrium) and the percentage 
_ increase in respiration over that of the resting tissue determined. Usually 
a control was carried out with tissue of the same gland without addition 
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of drugs. The results are given in Warburg's units Qo ul. O, per mg. 
dry weight hour. Cats were used for —_— the tissue if not otherwise 


Preparation of the tissue slices. This was carried out by a modification 


ok the original Warburg method which has already been described by 


one of us [1936]. 

Anesthesia. The best results were obtained if a short and quickly 
performed anesthesia with ether taken from a bomb was employed before 
the gland was taken out. In a few of our earlier 6 the glands 
failed to respond for no obvious reason. 


RESULTS 


In Table I the results of a typical experiment are given in which 
pilocarpine was added to tissue slices of a cat’s submaxillary gland. 


Tastx I. Submaxillary gland of a cat. Gas phase: air. 1-33 mg. pilocarpine 
nitrate in 100 ml. Slices of the same gland in two manometers 


P. o. P- o. P. c. 
Qo, increase Oo, increase Qo, increase 
During 30 min. before adding 9-9 — 10-4 — 113 — 
pilocarpine 
During first 30 min. after 146 747 #1656 +59 IS +465 
During second 30 min. after 12-4 +25 13-7 +30 103 —91 


The increase in respiration produced by pilocarpine is clearly demon- 
strated. Several experiments of this kind have shown that the magnitude 
of the effect. varies from gland to gland and sometimes even between 
various slices of the same gland since the tissue of the gland is composed of 
various elements, but the qualitative effect remains constant. The per- 
centage increase in oxygen uptake varied in several experiments between 
20 and 100. 

Table II gives examples of the results obtained by adding acetyl- 
choline with and without eserine, eserine alone or pilocarpine alone to 
gland slices. Cats, dogs and rabbits were used in these experiments and 
both the submaxillary and the parotid glands were investigated. 

The figures show that acetylcholine has a definite positive effect in 
stimulating the respiration of the gland slices, and this effect is markedly 
increased by eserine. Eserine alone has an action similar to that of pilo- 
carpine, The greatest increases in respiration were always obtained by a 
combination of acetylcholine and eserine. Parotid and submaxillary 


glands behave alike in their response to acetylcholine and eserine, and. - ~ 


this is true of all three types of animals used. 
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The figures for the experiments with acetylcholine alone given in 
Table II are taken from a comparative experiment and the values are 
calculated in the same way as in Exps. 3-10 of the same table, that is to 


Taste II. The effect of dimes 
of various animals 


* Qo, 
me addi- addi- p. c. in- Con- Con- p. c. in- 
No. Animal Gland Drug 100ml. tion tion crease trol trol crease 
1 Cat Submaxillary Acetylcholine 0-066 93 21 780 88 79 —10 
2 Cat Submaxillary Acetylcholine 0-198 1125 +34 88 79 —10 
3 Cat Submaxillary Eserine 40 136 226 +66 143 152 +6 
4 Cat Submaxillary Acetylcholine 0066+40 107 227 +120 83 77 —7 
+eserine 
5 Cat Parotid Acetylcholine 0-066+40 49 91 — — — 
+eserine 
6 Cat Parotid Pilocarpine 2-0 73 152 7108 6˙4 6˙7 +5 
7 Dog Submaxillary Acetylcholine 0066+40 106 196 +8 —- — — 
+eserine 
8 Dog Parotid Acetyicholine 0-066+40 106 197 +8 — — 
+eserine 
9 Rabbit Submaxillary oline 0-:066+40 134 220 +64 —- — — 
+eserine 
10 Rabbit Parotid Acetylcholine 0-066+40 178 94 721 — — — 
+eserine 


say by taking the oxygen uptake during 30 min. after addition of the 
drug and comparing it with the resting value. The special features of the 
oxygen uptake in experiments in which acetylcholine alone is added do 
not become as evident as when the following more detailed description is 
given. 

In Table III a comparative experiment is recorded in which the effect 
of different amounts of acetylcholine with and without eserine on tissue 


slices was examined. The concentration of acetylcholine in manometer 1 


after tilting was 0066 mg. per 100 ml.; in manometer 2, 0198 mg. per 


100 ml., i. e. three times as much; and in manometer 3, 0-132 mg. per 
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3 Manometer 1 Manometer 2 Manometer 3 Manometer 4 
3 p.c. p. o. p. o. p. e. 
q Yo, increase Qo, increase Qo, increase Qo, increase 
4 Before siting — 11.2 — — 88 — 
. During first 10 min. after 133 +48 169 751 164 +652 84 —5 
3 During second 10 min. after 11:3 +27 14 +25 172 +59 84 —5 
4 During third 10 min. after 108 +15 14 +25 154 743 7 ~ 20 WI 
4 During next 15 min. after 8-6 -7 12:2 +9 W2 +39 75 —15 ca 
4 During next 15 min. after 8-6 -7 122 +9 162 739 75 —15 
3 During next 20 min. after 8-4 -9 11:2 0 146 +35 81 —8 (1 


When acetylcholine alone is applied (manometer 1). The oxygen uptake 
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100 ml., i. e. twice as much as in manometer 1. Manometer 3 contained, in 
addition to the acetylcholine, eserine of the concentration 2-67 mg. per 
100 ml. Manometer 4 served as control as usual. 

It is evident from this experiment: : 

(1) That the smaller quantity of acetylcholine combined with eserine 
(manometer 3) has a greater effect than the greater quantity of acetyl- 
choline (manometer 2). 3 

(2) That the percentage increase figures in manometers 1, 2 and 3 
are very much alike during the first 10 min., but the oxygen uptake passes 
off as time goes on most quickly in manometer 1, less in manometer 2 and 
Still less in 3. The effects of acetylcholine and eserine on the activity of the 
slices are overlapping in manometer 3. In order to differentiate clearly 
the interaction of the drugs it is necessary to lower the concentration of 
the eserine appreciably as was done in the following comparative experi- 
ment (Table IV). 

The concentration of the acetylcholine after tilting was 0-1 mg. per 
100 ml., and the concentration of the eserine 0-0083 = per 100 ml. 
19, 000,000). 

Manometer 1 contained only acetylcholine. 

Manometer 2 contained only eserine. 3 

Manometer 3 contained acetylcholine + eserine. 


TaRLR IV 
Mano 
(ACh.) (Es.) (ACh. + Es.) 
p.c. po. p. o. | 
During 20 min. resting 14-5 — 13-6 — 13-5 — 
During 10 min. 27.9 92-5 13-3 0 31-2 133 
During next 10 min. 19-5 34:5 15 11 28-5 116 
During next 10 min. 14-1 0 15-5 14 27 104 


The increase in oxygen uptake passes off quickly as time goes on, 


caused by the very low concentration of eserine is just noticeable 
(manometer 2), whereas the oxygen uptake induced by the mixture of 
_ acetylcholine and eserine (manometer 3) is a potentiated one and passes 
N off slower than in manometer 1. 
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The inhibitory effect of atropine on the response to acetylcholine-eserine 
Since atropine inhibits the secretory effect of the chorda tympani in 
the cat’s submaxillary gland its effect on the increase in respiration in- 
duced by acetylcholine and eserine was studied. The re of such an 
experiment are given in Table V. 


Tan V. Gase phase: oxygen 


1 3 4 5 
The side bulb contained: | . 
0-8 p. o. eserine solution (ml.) 0-15 0-15 — 0-15 — 
0-002 p. c. acetylcholi lution (ml.) 0-1 0˙¹ — — — 
0-1 p. o. atropine solution (ml.) 0-1 — 0-1 — — 
In the main vessel: 
Ringer bicarbonate solution (ml.) 2-65 2-75 2-9 2-85 3 
Qo, during 20 min. before 1120 9-2 12-6 9 9-4 9-4 
Qo, during 30 min. after (ul.) 83 25-2 8-8 14-2 9-3 
Increase (p.c.) -10 +100 -2 +51 —1 


This experiment shows the complete inhibition of the acetylcholine — 


effect by atropine (manometer 1). The respiration after addition of the 
drug remains at the resting value within the limit of the experimental 
error. Atropine itself (manometer 3) does not act on the resting respira- 
tion. 
The effect of adrenaline 
In order to examine the effect of adrenaline on the oxygen uptake it 
was necessary to prevent the adrenaline from being oxidized before it 
came in contact with the tissue. The time during which it had to be kept in 
the side bulb is about 40 min. (time for reaching the equilibrium of the 
temperature plus time for the observation of the resting respiration). 
Preliminary experiments were carried out to prevent oxidation by mixing 
the adrenaline with phosphate buffer of pH 5-9 since adrenaline is not 
readily oxidized at that pH. The solution in the main vessel was phosphate 
Ringer instead of bicarbonate Ringer solution. But the results obtained 
were unsatisfactory, for the substitution of phosphate for bicarbonate 
hampers the effect of the stimulation of the oxygen uptake. When the 
method was changed by keeping the adrenaline in a very dilute hydro- 
chloric acid solution in the side bulb the results were satisfactory. 
Immediately before starting the experiment an adrenaline solution 
of the strength 1 in 40,000 was made up with Ringer solution of the usual 
composition but without bicarbonate, containing in addition 3-1 x 10M 
HCl in 1000 ml. 0-25 ml. of this solution was placed in the side bulb, and 
when tilted into the 2-75 ml. Ringer bicarbonate solution contained in the 
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main vessel made an adrenaline concentration of 1 in 480,000. A pre- 
mature oxidation of adrenaline was so prevented. It may be worth men- 
tioning that the measurement of the oxygen uptake could not be disturbed 
if an oxidation of the adrenaline occurred after adding it to the main 
vessel, since the amount of adrenaline added takes up only 1·03 ul. O, at 
the maximum. The amount of hydrochloric acid added could not interfere 
either, for the equivalent of carbon dioxide driven out by it is only 1-7 l. 
which were readily absorbed by the KOH before the determination of 
the effect began. Two experiments of this kind are shown in Table VI. 


Tam VI Submaxillary gland of two different cats. Gas phase: air 


Qo, | Qo, control Adrenaline 
Cat 1 8-2 12-9 58 8 8 0˙28 
Cat 2 8-2 12-8 56 8-5 8-5 0-14 


Experiments of the same kind with cat’s parotid gland failed to show 
any increase in respiration on the addition of adrenaline. Furthermore, 
neither the submaxillary nor parotid glands of dogs and rabbits gave an 
increased respiration with adrenaline. 


The effect of secretin on slices of pancreatic tissue 


The experiments so far dealt with were concerned with chemical 
reagents in the proper sense known to cause secretion from the salivary 
glands. It was of interest to test a hormone such as secretin causing pan- 
creatic secretion in regard to the effect on the oxygen uptake of slices of 
pancreatic tissue. An experiment of this kind is recorded below. 

The secretin was prepared by grinding up the mucous membrane of 
the duodenum of a recently killed pig with sand, extracting one part of 
the pulp with two parts Ringer’s solution and subsequently centrifuging 
and filtering. 

This extract was immediately used for the respiration experiment and 
later on when tested for its activity in a second cat (chloralose anæsthesia) 
proved to be active. The secretion of pancreatic juice started a few seconds 
after intravenous injection of 10 ml. secretin solution at a rate of 1 drop 
per minute. 

It was observed that the secretin solution reacted’ slightly acid 
(pH =6-4). Since the reaction of the secretin solution is of importance not 
only for its activity but also for the possible interference with the mano- 
metric measurement of the oxygen uptake the secretin solution was 
divided into three parts, A, B and C, which were made up as follows: 
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A, 10 ml. original secretin solution, 0-5 ml. NaHCO, solution (0-155 ml.), 
0-5 ml. water; B, 10 ml. original secretin solution, 1 ml. NaHCO, solution 
(0-155 ml.); C, 10 ml. original secretin solution, 1 ml. water. The resulting 
pH values were: A, 7-7; B, 8-7; C, 6-4. The side bulb of manometer 1 con- 
tained 0-7 ml. of solution A; manometer 2, 0-7 ml. of B; and manometer 3, 
0-7 ml. of C; manometer 4 served as control with tissue without secretin. 
Three other manometers made up as manometers 1-3 but without tissue 
controlled the possible manometric change which might occur when the 
secretin solution was tilted into the main vessel. Gas disappeared in each 
of these three manometers at the same rate of 1-7 yl. per 10 min., which 
must, be subtracted in calculating the experiment. The result is recorded 
in Table VII, which includes also the action of acetylcholine plus eserine 
on pancreatic tissue. 


VII 
A 3 B C with ACh.+Es. 
p.c. in- p.c. in p.c.in- tissue p.c. in 
Qo, crease Qo, crease Qo, crease Qo, lo, crease 
During 20 min. resting 55 — 65 — 58 — 47 — 


7.2 65 38 
During next 10 min, 65 18 78 20 73 26 55 61 31 


The greatest increase in oxygen uptake is produced by the original 
secretin solution C in accordance with the known destructibility of secre- 
tin in alkaline solutions. 55 

In the subsequent experiment with pancreatic slices of a second cat the 
same three solutions A, B and C were kept for half an hour in a boiling 
water bath and the oxygen uptake again observed in the same way as 
in the previous experiment. The result is shown in Table VIII. 


VIII 
A B C 


p.c. p. c. p. o. Control 
3 Qo, increase Qo, increase Qo, increase Qo, 
During 20 min. resting 3-9 — 2-8 — 3:7 — 3˙2 
Working: 
During first 10 min. 5 3˙3 
During next 10 min. 4.8 23 208 98 2 3˙3 
During next 10 min. 4-5 16 2-6 —7 4˙3 18 3-3 


In the most alkaline solution B the activity of the secretin has 
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Experiments with saliva | 

On the assumption that a substance in saliva may occur which could 
produce an effect on the metabolism of the gland, an experiment with a 
concentrated saliva was undertaken which showed no effect. The res- 
piration remained at its resting value for the first 45 min. after addition 
of the saliva and then decreased rapidly, showing some damaging effect 
to the tissue. The procedure was as follows: 20 ml. human saliva were 
collected, 80 ml. absolute alcohol added and the mixture centrifuged. 


Il he supernatant liquid was concentrated in vacuo at 37° to about 1-3 ml., 
and 1 ml. of this liquid placed into the side bulb of the manometer. 


Discussion 


The intention of these preliminary experiments was to survey the 
possibilities of this method of attack on the problem of how the respira- 
tion associated with increased functional activity is controlled. It is there- 
fore of interest that they show that the respiratory effects which 
accompany secretion are also observed when chemical agents which will 
cause secretion are applied to tissue slices in vitro. An analysis of the 
factors concerned in the increase of respiration observed, whether for 
instance it is due to alterations in the respiratory catalysts or to the supply 
of the necessary substrates, will take a considerable time, and further work 


in this direction is proceeding. It should be mentioned that Barcroft 


and Müller [1912] have already shown that increased blood flow alone 
is not a cause of increased respiratory activity, thus ruling out oxygen 
supply as a limiting factor. Our own results with tissue slices confirm 
this fully. As regards the magnitude of the increase in respiration, it is 
already possible to make comparisons with work of others on the whole 
organ in vivo. Barcroft and Kato [1916] have published detailed figures 
of the respiration of the dog’s submaxillary gland before and after ad- 
ministration of pilocarpine. These converted into Warburg’s units 
(Qo, ul. O, per mg. dry weight hour) are as shown in the table on p. 284. 
The maximum of the oxygen uptake is reached in Exps. 2 and 4, 
5 min. after injection, in Exp. 1 15 min. after. Only in Exp. 3 does it take 
appreciably more time, i. e. 55 min. The maximum percentage increase in 
respiration with respect to the resting respiration is, for Exp. 1, 108 p.c.; 
for Exp. 2, 123 p.c.; for Exp. 3, 680 p.c.; and for Exp. 4, 310 p.c. 

Exp. 3 is outstanding again, for the percentage increase is excep- 
tionally great, less, however, on account of the absolute Oo, value than of 
its very low resting respiration. Barcroft and Kato’s figures for the 
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oxygen uptake represent in each instance an instantaneous pioture of the 
metabolism, whereas our figures represent an average value during 30 min. 
Nevertheless, the Oo, values after stimulation were of the same order as in 
Barcroft and Kato’s Exps. 1 and 2, but less than in Exps. 3 and 4 in 
regard to the maximum increase. The reason is partly that our resting 
values were generally greater as has been mentioned in the introductory 
note. The return to the resting value in our experiments was just as 
irregular as in Barcroft and Kato’s experiments, but the effect was 


always less lasting. 


~~ After pilocarpine injection 

1 15 min. 5 min. 15 min. 40min. _—si. hr, 10 min. 
00.78 78 16 ˙2 13-8 13-0 

2 10 min. 5 min. 16 min. 50 min. 1 hr. 20 min. 
Qo,=8'1 18-9 18-9 15-0 9-9 

3 8 min. — 18 min. min. 55 min 
Qo, =3-0 141 135 23-0 

4 25 min. 6 min. 27 min. 75 56 min. 
Qo, =6-0 24-6 19-0 — 19-0 

1 15 min. 1 hr. 40 min. ei 3 hr. 28 min. 4 hr. 49 min. 
Qo,=7°8 15-6 126 11-4 

2 10 min. 2 hr. 12 min. 2 hr. 50 min. si 5 
Qo,=8'1 11-7 4-5 

3 8 mi 1 hr. 18 min. I hr. 43 min. ae — 

4 25 min. 1 hr. 20 min. 2 hr. 20 min. 3 hr. 1 min. 4 hr. 38 min. 
Qo,=6-0 17-4 12-9 108 


In another paper Barcroft and Piper [1912] examined the influence 
of adrenaline on the metabolism of cat’s submaxillary glands. There are 
three experiments in which successive blood samples were taken. The 
first before the injection of adrenaline, the second during the injection of 
adrenaline, the third and fourth whilst the saliva was still flowing, the 
fifth immediately following. The table given below is calculated in 
Warburg's units (Qo). | 

: Stimulated 
Exp. 3 4-8 102 22 180 138 93 — 


Exp. 5 66 60 210 207 150 99 66 


The corresponding percentage increase of oxygen uptake amounts to: 


Exp.3 112 426 25 208 94 — 
Exp. 4 19 124 267 
Exp. 5 -9 218 214 128 30 0 
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The percentage increase in our experiments never exceeded 100 p.c. and 
varied between 40 and 100 p.c. The circumstances in the living animal 
appear to be more suitable for experiments with adrenaline. As regards 
the adrenaline experiments with glands from other animals than cats, 
there are unfortunately no experiments with living animals of the same 
kind as Barcroft and Piper's available for comparison, It is not possible 
therefore to decide whether the lack of response of tissue slices of dog’s 
and rabbit’s submaxillary and parotid gland and of cat’s parotid gland 
to adrenaline is due to technical reasons or to some intrinsic difference 
between these glands and the submaxillary gland of the cat. Investi- 
gators who have studied the response of the dog's parotid to sympathetic 
stimulation have obtained very varied results. On the other hand, the 
following statement by Starling [1933] suggests that the dog’s parotid 
does not secrete on sympathetic stimulation. 

“The effects of exciting the sympathetic nerve supply differ ac- 
cording to the gland and the animal which is the subject of experiment. 
In the dog excitation of the cervical sympathetic causes the secretion of a 
few drops of thick viscid saliva from the submaxillary gland. In this 
animal no secretion is obtained at all from the parotid gland on exciting 
the sympathetic but the influence is shown by the occurrence of histo- 
logical changes in the gland cells. In the cat the submaxillary saliva 
obtained on sympathetic excitation may be as copious as, and even more 
watery than, the saliva obtained from the same gland on stimulation of the 
chorda tympani.“ 

The experiments with acetylcholine do not need discussion, since all 
phenomena could be reproduced in accordance with facts — known 
in regard to this substance. 


SUMMARY 


In a series of experiments it is demonstrated that the problem of how 
the respiration of glands associated with increased functional activity is 
controlled, can be attacked by using Warburg’s in vitro method with 
tissue slices. The increase in respiration of salivary glands can be re- 
produced when chemical agents which will cause secretion are applied. 
In the case of pancreatic tissue also the hormone secretin causes an in- 
crease in respiration and loses this property when inactivated. The in- 
fluence of acetylcholine, eserine and pilocarpine on the oxygen uptake of 
submaxillary and parotid gland were examined. 

The increase in respiration caused by these drugs can be inhibited by 
atropine which itself is without effect on the resting respiration of these 
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glands. The potentiating effect of a combination of eserine with acetyl- 
choline can be shown under suitable conditions. 

Adrenaline causes an increase in respiration only in cat’s submaxillary 
gland and not in cat’s parotid gland. Adrenaline is without effect on 
both the parotid and submaxillary gland of dogs and rabbits. 

Experiments with an alcoholic extract of human saliva failed to show 


the presence of a substance causing increased respiration of the sub- 


maxillary gland. 


The results obtained with the tissue slice method are compared with 


the in vivo method of earlier investigators. 


Tho authore wish to express thelr thanks to the Academic Assistance Council and the 
Manchester Committee for the Relief of Foreign Scholars for grants which have enabled 
one of them (W. D.) to take part in this work. ; 
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EFFECTS OF VITAMIN E DEFICIENCY ON 
THE THYROID GLAND OF THE RAT 


By ELEANOR SINGER 


(From the Department of Physiology, Pharmacology and 
Biochemistry, University College, London) 


(Received April 8, 1936) 


Tux results of our recent investigation [Rowlands and Singer, 1936] 
on rats deprived of vitamin E have shown a decreased gonadotropic 
activity of the anterior pituitary, and it seemed possible that there might 
also be a decreased thyreotropic activity which would be manifested in 
the animals’ thyroids. 

The literature contains few references to the effect of diet on the 
thyroid, and they are largely out of date in the light of our more recent 
knowledge of nutrition. Watson [1909] and Douglas [1915] on slender 
evidence believed that the histological variation of the rat’s thyroid was 
to some extent dependent on diet. Recently, Coplan and Sampson 
[1935] in studying the effects of lack of vitamin A upon the thyroid, 
found that the thyroid of the female rat showed definite hypertrophy, 
that of the male consistent atrophy. Besides this curious sex difference, 
the duration of the deficiency was an important factor, initial hyper- 
trophy often ending in atrophy. Undoubtedly there is considerable 
variation in the thyroid of normal rats, suggestive of a cyclic secretion, 
but compared with the thyroid of the guinea-pig, for example, that of the 
rat is relatively hyperplastic. Collip [1934], in stating a general rule 
that the responsiveness of an animal to administration of glandular 
extracts may vary inversely with the hormone content or production of 
the animal’s own gland, accounts for the hyperplasticity [Junkman 
and Schoeller, 1932] of the normal rat’s thyroid. The pituitary of the 
rat is rich in thyreotropic substance, the thyroid active, and the metabolic 
rate accordingly high. Moreover, the rat is relatively insensitive to 
thyreotropic hormone injections, while its sensitivity is increased at 
least 10 times after hypophysectomy [Collip, 1934]. 
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TECHNIQUE 


The thyroids were removed with the trachea, fixed in Bouin’s fluid, 
sectioned (7 u) and stained with hematoxylin and eosin. Since the glands, 
both of normal animals and of those lacking vitamin E, contain more 
colloid in the periphery, in order to eliminate the variations occurring 
in different parts serial sections were in some instances cut, while in all 
other cases comparisons were made of the most central portions of the 

land. 
: Female rats, which since weaning had been on an E-deficient diet 
for 12-18 months, were employed. They were all showing the typical 
sterility, and were in good general condition. Normal females of the 
same age and from the same stock colony, fed on a mixed diet, were used 


as controls. The thyroids from 7 days’ pregnant, normal and E-deficient 


animals were also examined. 

In view of the changed histological appearance of the thyroids from 
animals kept without E, it was not unreasonable, in the light of our 
results on the gonadotropic activity, to look to the pituitary as a possible 
factor responsible for the change. Since E deficiency in some way 
modified the secretion of the gonadotropic hormone, it might similarly 
modify the secretion of the thyreotropic hormone. Therefore two groups 
of E-deficient animals were injected with anterior pituitary extract, 
_ dissolved in 2N sodium hydroxide solution and brought to pH 7-5 with 
normal hydrochloric acid, one group being given 3 mg. daily for 4 days, 
the other 10 mg. daily for 5 days. 

Further, two groups of animals were treated with a small amount of 
additional iodine. Three drops of 5 p. o. iodine solution in absolute alcohol 
were added to a litre of tap water and administered to one group over a 
period of 10 days, and to the other group for 4 weeks. 

Since rats which had regained fertility solely by administration of 
active vitamin E extracts or wheat-germ oil after a long period of 
sterility from lack of E showed a normal gonadotropic hormone activity 
[Rowlands and Singer, 1936], investigation of the thyroid in such 
rats was indicated. 

RESULTS 


The thyroids of animals kept without E present a typically inactive 
picture. The vesicles are full of non-vacuolated colloid, which is mostly 
dense and eosinophilic. In some cases the cubical epithelial cells are 
flattened, while the nucleus itself shows a slightly staining cytoplasm 
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Taste I 
No. of rats Group Appearance 
(i) 4 Normal non-pregnant aie 5 ic; one markedly so 


E-free non-pregnant All definitely hypoplastic (Figs. 2) 


9 
Normal 7-day pregnant one slightly hypo- 
plastic 
(iv) 5 E-free 7-day pregnant 2 “ ic; one markedly so. 
(v) 9 E-free anterior pituitary 
injected, 3 mg. perday H ity in some rats on 
for 4 days ose much less marked, and d 


i) 10 E. free anterior reduction in amount of colloid 
| 
ys 


for 10 da; 3 
(vii) ‘for 10 All hypoplastic (Figs. 4) 
(vii) 11 — for 4 All hypoplastic (Figs. 4) 
(ix) 3 E-free “recovered” aa. one markedly so 
* Figs. 1-5 in Plate I (low power) and 1-5in Plate II (high power) pond respectively. 


with well-defined chromatin granules. Vascularization is poor. Preg- 
nancy did not produce any significant changes in the thyroids of E- 
deficient or normal rats. 

The injection of 12 mg. of anterior pituitary extract had small, if 
any, effect, but the injection of 50 mg. produced an observable decrease 
in the colloid content of the E-deficient thyroid. However, the response 
was surprisingly small if the state of the thyroid in E deficiency is to be 
considered solely the result of pituitary failure and not a primary effect 
of the deficiency upon the thyroid. 

Iodine administration, even over a period of 4 weeks, caused no 
change in the histological appearance of the E-deficient thyroid. 

Of particular interest is the effect of administering a curative dose of 
vitamin E to previously sterile rats. The group as a whole showed a 
thyroid markedly more active, one rat exhibiting a definitely hyper- 
plastic gland with reduced colloid, high cuboidal epithelium, increased 
vascularization, and a normal appearance generally. 


_ Discussion 
These results suggest that modifications in the anterior pituitary, due 
to vitamin E deficiency, affect the histological appearance of the thyroid. 
It is conceivable that vitamin E has a direct effect upon the secretory 
processes of the thyroid, independent of the pituitary. This specificity 
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would be established if vitamin E could be shown to restore the normal 
functioning in E-deficient hypophysectomized rats. It is, however, very 
unlikely that this relationship exists, although the proper functioning of 
the pituitary undoubtedly to some degree depends upon the presence of 
vitamin E in the animals’ tissues, comparable perhaps to the dependence 
of a normal calcium metabolism on the presence of vitamin D. 


SUMMARY 
1. The thyroid gland of rats deprived of vitamin E is markedly 
hypoplastic compared with that of the normal rat. 
2. Anterior pituitary extract injections cause a slight decrease i in the 
colloid content of the gland. 
3. Iodine administration has no effect upon the ee appear- 
ance of thyroid in this condition. 
4. Pregnancy produces no significant changes in the „ 
appearance of the thyroid, either in the normal or E-deficient rat. 
5. Females that had recovered fertility after a prolonged period of 
E deficiency and sterility exhibit thyroids histologically similar to the 
normal hyperplastic gland. 
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EXPLANATION OF PLATES I AND I! 


PLarn I. (Low power) 
Normal thyroid. 
. E-free thyroid. 
E-free thyroid “‘recovered”’. 
. E-free thyroid after added iodine. 
E-free thyroid after injection of anterior pituitary extract. 


Prarn II. (High power) 


Normal thyroid. 

E-free thyroid. 

E-free thyroid “recovered”. 

. E-free thyroid after added iodine. 

E-free thyroid after injection of anterior pituitary extract. 
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fall in rate of urine flow produced by pituitary extract in the course of 


_ the other; and to this end the experiments described in this paper were 
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THE INHIBITION OF WATER DIURESIS BY 
PITUITARY (POSTERIOR LOBE) EXTRACT 
AND ITS RELATION TO THE WATER 
LOAD OF THE BODY 
By MARY PICKFORD 
(From the Department of Pharmacology, University College, London) 


(Received May 1, 1936) 


THEOBALD [1934 a] and Hart and Verney [1934] observed that the 


maximum water diuresis was smaller when the extract was given early 
than when given late. They inferred that variations in the water load of 
the tissues were responsible for this result, a high water load diminishing 
and a low increasing the degree of inhibition produced by a constant 
dose of extract. It seemed desirable, therefore, to discover whether a 
simple relationship existed between the degree of inhibition in the rate 
of urine secretion resulting from pituitary extract on the one hand, and 
the amount of tissue water in excess of the normal—the water load—on 


undertaken, 
EXPERIMENTAL 

As 3 8 bitches were used in which the ureters had 
been extended to the vulva by the method of Klisiecki, Pickford, 
Rothschild and Verney [1933]. After the resting rate of urine flow 
had been recorded, 200 or 250 c.c. of warm tap water, according to the 
size of the bitch, were given by stomach tube, and at varying times 
during the succeeding diuresis pituitary extract was given intravenously. 
The injections were generally given during the plateau of maximum 
diuresis, but some were made late on the rise or early on the fall of the 
curve also. Care was taken by earlier shaving of the skin area and by the 
use of a fine needle, to avoid the injections causing the least disturbance 
to the animal. The extract used was that marketed by Messrs Burroughs, 
Wellcome and Co. (‘‘Infundin” 10 oxytocic units per o. c.), and from this 
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the requisite dilution was made with 0-9 p. c. NaCl immediately before 
the injection, the selected dose always being contained in 1 c.c. The 
extract, of which two batches only were employed, was kept at 0° 
between the experiments. Records of the flow of urine were obtained by 
the modification of Condon’s recorder described by Samaan [1935]. 
The rate of urine flow at any given time is expressed, except where 
otherwise stated, as the mean rate during the preceding 10 min. 

The period between the intravenous administration of the extract 
and the minimum rate of urine flow was found to lie between 4 and 


7280 116 4140 * 2 
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eres 30 40 50 60 70 80 90 100 

Fig. 1. Three responses of the right (e——e) and of the left (X- x) kidney to post- 
pituitary extract during water diuresis. Abscissa=time in minutes; ordinate =drops 
of urine per minute. 250 c.c. water had been given by stomach tube at 1 min. At 
A, B, and C 0-00002 e. o. of extract was injected intravenously. The upper row of 
figures represents the total volume of urine collected from zero time. 


8 min., and in most instances between 5 and 7 min. for doses ranging 
from 0-001 to 0-000016 c.c. The average of the mean rates of urine flow 
during the 5th, 6th and 7th min. after the intravenous injection of the 
extract was chosen, therefore, in order to calculate the percentage in- 
hibition in the rate of urine flow produced by any given dose. 

Fig. 1 shows the results of an experiment in which at the times 
indicated, 0-00002 c.c. extract was given intravenously after the ad- 
ministration of 250 c.c. water by mouth at 1 min. At A, B and C the 
mean rates of urine flow from the left and right kidneys, the percentage 
inhibition in these mean rates, and the total volumes of water excreted 
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up to the times of administration of the extract are respectively 10-5, 
16-4, and 14-4 0. 0.; 0, 25, and 44 p.c.; 31, 85 and 138 c.c. The degree of 
inhibition in the rate of urine flow, therefore, is unrelated to the rate of 
urine flow immediately preceding this inhibition. This fact is even better 
shown in Fig. 2, where the mean rates of urine flow at A and B are 
approximately the same, viz. 18-5 and 17-5 c.c. per 10 min., whilst the 
percentage inhibitions are 7 and 77 respectively. The analysis of many 
ourves gave no evidence that the rate of excretion of water by the kidney 
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55 
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Fig. 2. Two responses of the right (e——e) and of the left („ x) kidney to post- 
pituitary extract during water diuresis. Ordinate, abscissa and upper row of figures 
as in Fig. 1, g. v. 200 c.c. water had been given by stomach tube at 1 min. At A and 
B 000005 c.c. of extract was injected intravenously. 


during the course of water diuresis controlled the response of that 
kidney to post-pituitary extract. On the other hand, the percentage 
inhibition in the rate of urine flow was found always to vary inversely 
as the volume of water excreted up to the time of injection of the 
extract. After several responses to post-pituitary extract, therefore, 
had been measured in each animal at various times during the course of 
diuresis, two water load curves were constructed with the aid of water- 
absorption curves obtained in a previous set of experiments [K lisiecki, 
Pickford, Rothschild and Verney, 1933] for the two groups into 
which the animals had been divided, to the one of which 200 c.c. and to 
the other 250 C. c. water had been habitually given. These curves are 
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shown in Fig. 3, and from them the loads of water at the times of in- 
jection of the extract can be read and plotted against the corresponding 
percentage inhibitions in the rates of urine flow. This has been done in 
Figs. 4 and 5, the former showing the responses to 0-00002 c.c., the latter 
to 0-00005 c.c. of the extract at various water loads. Seeing that these 


* * * * 


0 
0 2 4 60 100 


Fig. 3. Water · load curves following the administration by stomach tube at zero time of 


250 0.0. (e——e) and of 200 0.0. (o——o) of water. Abscissa - time in minutes. 
Ordinate = water load in o. o. 


figures represent the grouped responses from seven animals, scatter of 
individual values is to be expected, but this is not so marked that it 
obscures the proportionality between water load and percentage in- 
hibition in rate of urine flow to which these values collectively point. 
The scatter may partly be due to the fact, already mentioned, that the 
injections of post-pituitary extract were given not only on the plateau 
of maximum diuresis, but also on the rise and fall of the curves. 
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Although from previous work [Weir, Larson and Rowntree, 1922; Klisiecki, 
Pickford, Rothschild and Verney, 1933; Theobald, 1934] it seemed unlikely that 
denervation of the kidney would materially alter ite response to such small amounts of 
post-pituitary extract as were used in these experiments, it nevertheless was thought 
advisable to make sure that this was true. The experiments recorded in Figs. 1 and 2 were 
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Fig. 4. : Fig, 5. 


Fig. 4. The circles represent the percentage inhibition of the rate of urine flow (abscissa) 
produced by 0-00002 o. o. post-pituitary extract at various water loads (ordinate). 


Fig. 5. The circles represent the percentage inhibition of the rate of urine flow (abscissa) 
produced by 0-00005 o. o. post-pituitary extract at various water loads (ordinate). 


made with animals in which the left kidney had been carefully denervated by stripping — 
the renal pedicle of all nerve twigs, and by completely detaching the kidney from its bed 
and stitching it in position again. It will be seen that the rate of urine flow from the 
denervated side follows closely that from the normal control side, but that the preliminary 
brief rise before the period of inhibition is greater. This preliminary rise is almost always 
present with both innervated and denervated kidneys, but the evidence as to whether or 
not denervation changes its degree is inconclusive. The maximum percentage inhibition in 
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the rate of urine flow on the denervated side is of the same order as that on the control 
innervated kidneys. — 

The dose of post-pituitary extract producing minimal inhibition as 
defined by Theobald [1934] was not measured in these experiments. 
The least quantity, however, that would produce inhibition at, all at 


high water loads in animals varying in weight between 8 and 13 kg. was 


found to lie between 0-000016 and 0-00002 c.c. 


Discussion 


To the confirmation of previous observations that the quantity of 
post-pituitary extract to which the kidney responds is of the order which 
is found effective in the case of such endogenously liberated substances 
as adrenalin and acetylcholine, and that the response of the kidney is 
independent of its organic connexion with the central nervous system, 
the experiments described above add the further fact that the inhibitory 
effect of the extract shows a roughly inverse proportionality to the water 
load of the tissues. This fact, too, seems to find rational interpretation 
in the pituitary hypothesis of the control of water secretion. Normally 
we may picture an increase in the load of water in the body as causing by 
direct or indirect means an inhibition in the secretion or release of the 
antidiuretic agent on the one hand or a depression of its specific activity 
on the other. Thus at high water loads the quantity of active post- 
pituitary antidiuretic substance circulating in the blood is reduced to a 
minimum or to zero. The addition at this time of post-pituitary extract 
will lead to inhibition of diuresis only if it is administered in amounts 


sufficient to bring its concentration in the blood up to the active level. 


At lower water loads a certain quantity of the naturally occurring agent 
being present in the blood, the addition of post-pituitary extract will 
produce a more profound effect than will the same dose given when no 
antidiuretic hormone is circulating. 

Owing to the scatter of the observations recorded in Figs. 4 and 5 it 
is impossible to determine from these whether or not the relationship 
between water load and percentage inhibition of urine flow is a simple 
one. The definition of this relationship will doubtless be aided if a further 
and longer series of observations is made under conditions more controlled 
than those of the experiments here recorded. It seems probable, for 


example, that more uniform results will be obtained by working on one 


animal capable of Surviving for an indefinite period and prepared for 
observations on urine secretion * excision of the fundus of the bladder 
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and intubation of the urethra [Rydin and Verney, 1936]. The import- 
ance of defining the relationship consists in the possibility offered first of 
determining whether, above a certain water load, the degree of inhibition 
in urine flow from a constant dose of extract becomes independent of the 
value of the water load, as both hypothesis and the observations in 
Fig. 5 suggest; and second, of deducing the concentration of hormone 
normally present when the water load is zero. 


SUMMARY 


Experiments are described which show, over a certain range of 
water load, a roughly inverse proportionality between water load and 
percentage inhibition in the rate of urine flow resulting from the intra- 
venous administration of post-pituitary extract. 


It is a pleasure to thank Dr A. Fawzi for his help in some of the experiments described 
in this paper. 
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THE MECHANISM OF THE RHYTHMIC CHANGES 
IN THE CALIBRE OF THE BRONCHI 
DURING RESPIRATION 


By MAXWELL ELLIS?! 
(From the Medical Unit, University College Hospital, London) 


(Received April 16, 1936.) 


In his description of the bronchial tree Reisseisen [1822] concluded that 
the structure was designed to allow of longitudinal movements of the 
bronchi during the inspiratory phase of respiration. This hypothesis has 
since been confirmed and amplified by many workers using many different 
methods. In recent years it has been studied by means of radiographic 
delineation of radio-opaque media instilled into the bronchial tree 
[Bullowa and Gottlieb, 1920, 1922], and the movement has actually 
been seen through a bronchoscope [Ingals, 1905; Jackson, 1917], as 
well as measured by Weingaertner [1920]. Such a longitudinal change 
in the bronchus is readily appreciated as a mechanical result of stretching 
when the shrunken lung expands with the inspiratory expansion of the 
thorax. Keith [1909] showed how this is achieved in the upper lobe by 
the attachment of the crura of the diaphragm to the lung root, and the 
consequent descent of this point with contraction of the diaphragm. Until 
recently there have been no means of determining what other bronchial 
changes occur. 

If the bronchus is considered as an elastic tube, elongation would be 
accompanied by narrowing of the lumen, but Ingals and Jackson saw 
widening of the bronchus during inspiratory movements, both in animals 
and man, and this phenomena, as seen through the bronchoscope, has 
been confirmed by many observers. Radiographic results are inconclu- 
sive, as the smallness of the changes involved makes recognition of them 
uncertain, A method recently described for the direct recording of 

changes in calibre [Ellis and Livingston, 1935] clearly demonstrates 
that the bronchial tubes widen in the inspiratory phase of respiration and 
1 Geoffrey E. Duveen Student in Oto-Rhino-Laryngology, University of London. 
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narrow down during the expiratory phase. These alterations in calibre are 
synchronous with the respiratory movements, and always accompany 
them, and the present experimental enquiry was conducted to elucidate 
their mechanism. 

There are several possible sources for the production of these changes 
in calibre: 

(1) An intrinsic rhythm of the smooth muscle in the walls of the tubes. 

(2) The result of nervous impulses carried in the vagus or sympathetic 
nerves. 

(3) A mechanical result of chest wall movements, the dilatation being 
purely passive. 

Trendelenburg [1912] investigated the behaviour of isolated strips 
of bronchial muscle in the ox and sheep, and came to the conclusion that it 
possessed no power of spontaneous contractile or expansile movement. 
The second hypothesis has been advanced in Starling’s Principles of 
Physiology [1933], where it is stated that possibly nervous impulses are 
responsible for active contraction of the bronchial muscle in the expiratory 
phase. Some indirect support is lent to this theory by the existence of 
sensory spindles in the muscle layer of the bronchial walls [LLarsell, 1923; 
Gaylor, 1934], and by the presence of sensory fibres leaving the lungs in 
which action currents can be detected at each inspiratory movement 
[Ranson, 1921; Adrian, 1933]. This current resembles the discharge 
from stretch receptors in voluntary muscle, and this may be one side of a 
reflex arc of which the complement is active contraction of the bronchial 
muscle. 

EXPERIMENTAL METHOD 

Experiments on dogs were directed along three lines: 

(1) To imitate the changes in calibre mechanically. 

(2) To observe the effect of nerve section on the movements. 

(3) To observe the movements from a bronchus in a lung which is 
rendered motionless by resection of a large portion of the thorax while 
the other lung is functioning and the nerve connexions are at first intact, 
and subsequently divided. 

For the first type of experiment the principle of the Drinker 
respirator was utilized. The trachea and lungs were removed from the 
animal with care to avoid injuring the visceral pleura. A glass tube was 
tied tightly into the trachea, and the whole preparation placed in a bell- 
jar. Through the rubber stopper of this jar passed the glass tube from the 
trachea and another tube which projected an inch or so on either side, 
fitted on the outer side with a stopcock. A sheet of rubber was fastened 
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to the base of the bell-jar (Fig. 1). A partial vacuum was created in the 
jar and the lungs thus made to expand. A recording instrument (see 
below) was inserted through the tube in the trachea into the right 
bronchus and the connections made. Pressure on the rubber bottom of 


the jar caused contraction of the lungs, and respiratory movements could 
thus be stimulated. 


K. 


—>To the exhaust pump 


Fig. I. A diagram to show how respiratory movements were simulated in the isolated lungs. 


The second and third series of experiments involved the use of an 
instrument carrying a balloon which was inserted through a specially 
made bronchoscope into the right main bronchus of a dog. A full 
description of the instrument and recording apparatus is given in a 
previous paper [Ellis and Livingston, 1935]. When the instrument is 
in position, the balloon can be inflated. There is a hollow tube traversing 
the balloon and projecting beyond it so that the respiratory exchange can 
continue in the portion of the lung distal to the balloon. The external 
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diameter of the instrument is 4-0 mm. The balloon is connected to a small 
Brodie bellows which records its changes in volume. These are due to 
local compression or relaxation of the narrowing or widening bronchus. 
Dogs of between 7-0 and 9-0 kg. were found to be suitable. Anssthetiza- 
tion was sometimes carried out with subcutaneous morphine sulphate and 
intraperitoneal sodium amytal, and sometimes with intravenous chlora- 
lose (0-1 g. per kg. body weight). A few animals were decerebrated. 
Seventy-two animals in all were used. 

Division of the spinal cord had to be accomplished whilst the animal 
was firmly fastened, supine, with records being obtained from the bron- 
chus and chest wall. A preliminary laminectomy or exposure of the 
occipito-atlantal space was, therefore, performed, and the prepared area 
placed over an opening in the table. The cord could thus be divided 
without disturbing the animal’s position or the recording apparatus. The 
vagal nerves were isolated in the neck in the usual way. 

In the third group of experiments, with the object of 88 
the right lung, an artificial pneumothorax was sometimes induced, by 
injection of air, and, sometimes, a large portion of the thoracic wall on 
the right side was resected. This latter was performed almost bloodlessly 
by ligature of the ribs along the sternal margin and in the axilla, and 
resection of the intervening piece of the chest. The animal was kept alive 
after the thorax was opened by artificial respiration of the left lung. This 
was achieved by passing an instrument similar to the one in the right 
bronchus down to the left bronchus through an opening in the trachea, 
connecting its central lumen with an artificial respiration pump, and 
inflating the balloon so that no air could be blown back past it and enter 
the right bronchus. When this operation was completed, the right lung 
was exposed to view and seen to be collapsed and motionless. The heart 
was clearly visible, and the inflation and deflation of the left lung could 
easily be seen through the thin mediastinum. This movement of the left 
lung caused a shifting over of the mediastinal contents at each inflation, 
and this sometimes was sufficiently marked to cause a compression of the 
recording balloon in the right bronchus. 

The experiment usually took the form of first obtaining a normal sient 
and testing the sensitivity of the bronchial preparation with one or two 
small injections of adrenaline, which caused temporary relaxation of 
bronchial tone. The chest wall was then resected, and, later, the vagi 
were divided one after the other. The peripheral ends were often stimu- 
lated with weak faradic currents, and, finally, the — cord was divided 
through the occipito-atlantal space. 
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RESULTS 


The first group of experiments showed that it is possible to produce 
mechanically a record (Fig. 2) identical with the usual record from an 
intact animal, and that the changes in calibre occurred synchronously 
with the artificially induced expansion and contraction of the lungs. 

The information from the second group was that with bilateral vago- 
tomy the alterations in calibre are intensified. In spite of the removal of 
broncho-constrictor influences the bronchi narrowed, in the expiratory 
phase, to a greater extent than before (Fig. 3), and also opened more 
widely during the inspiratory phase. Section of the spinal cord in the 
lower cervical region, removing sympathetic broncho-dilator control, also 


Fig. 2. A record from the right bronchus of the isolated 
lung preparation of Fig. 1. 


paralysed all respiratory movements, but, when artificial respiration was 
given, the bronchus opened and closed precisely as before. The rhythm 
seen was always an exact counterpart, even to every chance momentary 
_ variation, of that recorded for the respiratory movements of the chest 
wall. Evidently, impulses to produce this rhythmic movement are carried 
neither in the sympathetic nor in the vagal nerves. 

The third group of experiments was carried out in two ways. The first 
merely consisted in inducing a right-sided artificial pneumothorax, in 
order to render the corresponding lung as free as possible from the in- 
fluence of thoracic movements. The resulting record (Fig. 4) differs but 
little from a normal record. However, the lung is not completely im- 
mobilized in these conditions, and reflects to a considerable extent the 
movements of the thorax. To effect such an immobilization a large portion 
of the right thoracic wall was removed (see above). Owing to the porous 
nature of the dog’s mediastinum this would rapidly create a bilateral 
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" pneumothorax, and the left lung was, therefore, kept in motion by the 
technique already described. 


Fig.3. Dog. Records from the right bronchus after right (A) and left (B) vagotomy, showing 
the increase in amplitude of the bronchial movements. Respiratory movements are 


recorded by a pneumatic stethograph from the chest wall. 


The bronchial movements were successively recorded as follows: 
A. In the intact animal. | 
B. After removal of the thoracic wall and bilateral phrenicectomy. 
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C. After right and then bilateral vagotomy. 

D. And, finally, after division of the spinal cord at the level of the 
occipito-atlantal space. 

It will be seen that each operation reduced the amount of movement 
undergone by the thoracic cage, until it was completely motionless. The 


Fig. 4. Dog. Records from the right bronchus before and after the induction of a right 
pneumothorax of moderate degree. There is very little alteration in the amplitude of 
the movements. The reactions to pilocarpine {at A) and atropine (at B) during the 
pneumothorax are as in the normal animal. 


left lung in the final stage is inflated at each stroke of the pump, but this 
causes only very slight distension of the left side of the thorax. 

The results obtained were consistent. Fig. 5 is a record obtained from 
an intact animal. Stage B is illustrated by Fig. 6. The respiratory rate is 
synchronous with the pump strokes, and the animal with intact vagi 
always takes up this rhythm sooner or later, whatever its previous 
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rate might have been. After bilateral vagotomy (Fig. 7) a respiratory 
rhythm independent of the pump strokes becomes established, and that 
of the bronchi is synchronous with the new rate, but there is no alteration 
in the amplitude of the excursion. When stage D is reached, the rhythm 


bol the very small excursions seen is again synchronous with the speed of 


Fig. 5. 


Fig. 5. Dog. (In this and all the following figures the records from above downwards are of 
respiration, bronchial movements, blood pressure, signal line and time marker.) Curves 
from an intact animal. 


Fig. 6. This and the following figure are from the same animal as in Fig. 5. It shows the 
reduction in amplitude of the bronchial movements follo tion of the chest wall 
and bilateral phrenicectomy, and the new rhythm, that of the pump, taken up syn- 
chronously by both the chest and bronchus. 


the pump (Fig. 8, taken from another experiment where inflation of the 


left lung was greater owing to the smaller size of the dog), and an identical 
record is obtained after the animal is killed with an intravenous injection 
of chloroform. The upstrokes and downstrokes in this last record indicate 
that it is produced by mediastinal pressure on the balloon with inflation of 
the left lung, which direct observation confirmed. 

In a few experiments the procedure was slightly altered. The vagi and 
spinal cord were divided before resection of the thoracic wall was per- 
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formed. After division of the cord the thorax becomes almost motionless 
—artificial inflation of the left lung (carried out as described above) being 
only just sufficient to cause a slight movement of the left side. Very small 
waves were recorded from the right bronchus synchronous with the pump 
rate and the upstroke corresponding with inflation; the curve remained 


Fig. 8. 
Fig. 7. Bilateral vagotomy has been followed by a different rhythm, in spite of the fact that 


the pump is still inflating the left lung at the same rate as before, but the amplitude of 
the bronchial movements remains unchanged. 


Fig. 8. Dog. After division of the spinal cord the left lung, inflated by the pump, causes 
very slight distension of the chest. A record from another animal shows that a slight 
movement sometimes occurs in these conditions, This record is unchanged by the death 
of the animal, and is mechanically produced by mediastinal shift. 


unaltered when the chest was laid open, and also when the animal was 
killed. It was seen that the excursions were produced by mediastinal shift 
in the manner already described. Admittedly, in the final phases of the 
experiments the blood pressure is low, and the condition of the animal not 
favourable for the production of a spontaneous smooth muscle rhythm, 
but, in any case, no sign of such a rhythm ever appeared. 
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Discussion 


In the preamble the existence of rhythmic bronchial movements 
synchronous with respiratory movements was pointed out, and three 
possible means of production of these movements were indicated. The 
experiments described show that these movements can be produced 
mechanically. Also, they occur in the denervated bronchus if the thoracic 
wall is kept moving, and are synchronous with this movement. 

The preparation in stage B of the third series of experiments consisted 
of intact nerves, a functioning left lung, and a sensitive recording instru- 


ment in the right bronchus. If impulses for reflex contraction of the 


bronchial muscle were being conveyed from the left bronchus, they were 
not prevented from exercising their effect on the right bronchus, and any 
such effect would become obvious from the record. The second possible 
means of production was thus directly tested, but with negative results, 
as no movements whatever were cane from the right side when the 
thorax was motionless. 

Moreover, it was seen that reduction of thoracic movements reduced 
_ bronchial movements, and it can only be concluded that the latter depend 
upon and are a direct result of the former. The reflex arc, the sensory 
side of which starts from stretch receptors in the bronchial muscles, is 
thus not concerned with rhythmic contraction of bronchial muscle. It 
may assist in controlling the respiratory movements of the thorax. There 
appears to be no rhythmic function assignable to the bronchial muscle, 
which seems to be concerned entirely with maintaining a moderate tone, 
and hence a lumen in the smaller bronchi which might otherwise be com- 
pletely occluded during expiratory movements. In Fig. 9, for example, 
taken from an animal after resection of the chest wall, a distinct relaxation 
of the bronchus is seen when the right vagus is divided, because of removal 
of the tonic impulses conveyed along the broncho-constrictor nerves. 
Fig. 10 shows the effect of stimulation of the peripheral end of the cut 
vagus in another animal, after resection of the chest wall, and demon- 
strates clearly that the bronchus is wide open and relaxed. A similar effect 
ean be produced in similar circumstances by the administration of pilo- 
carpine, It occurs even when the cesophagus is immobilized by being 
filled with plaster of Paris, and is thus not due to the tetanic contraction 
of the cesophageal muscle [Ellis and Livingston, 1935] exerting an 
effect from without. 

The work described found no evidence of a rhythmic alteration in 
calibre as a property of bronchial muscle. Such movements do occur, 
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and are synchronous with the respiratory movements of the thoracic 
cage, but they are due entirely to the mechanical effect of the latter. 


Fig. 9. ; Fig. 10. 
Fig. 9. Dog. A record showing the relaxation in tone of the bronchus after division of the 
right vagus—the chest wall has been previously resected. 
Fig. 10. Dog. A record obtained in similar circumstances to that in Fig. 9, after right- 


sided vagotomy, showing the increase in bronchial tone when the peripheral end of the 
cut vagus is stimulated with a faradic current. 


Bronchial muscle possesses the function of maintenance of tone. This con- 
clusion is in agreement with its anatomical structure and its character— 
smooth muscle. In normal conditions, this tone has been shown to be 
constantly present—it can be lowered by the administration of adrenaline, 
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and is controlled by the sympathetic and vagus nerves. (Occasionally, 
adrenaline has been noted to give rise to an increase of tone, observed 
also by Kiese [1935], but this may be a secondary effect of the rise of 


1 blood pressure acting centrally in an unusual manner.) 


SUMMARY 
1. The nature of the rhythmic alterations in calibre of the bronchi 


deen during bronchoscopy is analysed by a direct instrumental method. 


2. The rhythm of these movements under all conditions of experi- 
ment in the dog is identical with that of the respiratory movements of the 
chest wall. 

3. It is changed by section of the vagi, of the phrenic nerves, or of the 
cervical spinal cord only as far as the respiratory movements of the 
chest wall are thereby affected. 

4. By rendering the lung motionless the rhythm is abolished. 

5. It is concluded that all rhythmic changes in calibre are produced 
passively by the respiratory movements of the thorax. 

6. Alterations in tone are demonstrated, and it is held that the chief 
function of the bronchial muscle is the maintenance of tone. 
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THE LIMITING RATE OF ASSIMILATION OF 
GLUCOSE INTRODUCED INTRAVENOUSLY 
AT CONSTANT SPEED IN THE RESTING DOG 


By M. WIERZUCHOWSKI 


From the Metabolism Department, in affiliation with the II Clinic of 
Internal Diseases, University of Jézef Pitsudski, Warsaw — 


(Received 27 March 1936) 


THE aim of the present work is to determine the rates of glucose assimi- 
lation at varying rates of supply over the whole assimilation range. If, 
to achieve this purpose, the intestinal route of administration were used, 
the variation in rate of supply would be very limited. Therefore, glucose 
has been administered intravenously, thus ensuring a range of injection 
rates extending up to the highest level compatible with life. To avoid 
the effects of rapid changes in the assimilation rate glucose was injected 
at constant velocity during each experiment and for a constant period 
in all experiments. This procedure, in most cases, allowed the assimila- 
tion phenomena to become established at a certain characteristic level. 
On each individual a complete series of infusion rates was used. The 
processes of glucose assimilation are far more susceptible to disturbance 
than are those of fructose or of galactose [Wierzuchowski & Fiszel, 
1935], and require therefore for their analysis careful standardization of 
METHODS 


Glucose in 20p.c. solution was sterilized in the cold[ Wierzuchowski, 
1931] and was injected intravenously at a temperature of 26°C. for 
6 hours at a rate of 1-9 g./kg./hour by means of a constant infusion 
apparatus driven by an electric motor. The quantity injected was checked 
every minute by a calibrated burette from which the solution entered 
the apparatus. With each animal an effort was made to traverse the 
whole range of injection rates at least twice, from 4 g. glucose/kg./hour 
up. Sixty experiments were performed on four normal, trained, female 
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dogs. Three of the dogs at autopsy disclosed no anatomical abnormality, 
the fourth is still being used. Between experiments the animals were 
kept in a room of nearly uniform temperature of 20°C. and had relative 
freedom of movement. A diet in which carbohydrate predominated was 
served for some days before the experiment; it was cooked prior to serving: 


Three dogs (Zul., Mess., Ordo.) One dog (Andro. ) 
Daily diet for 7 days before Daily diet (by stomeeh Fabs) for 4 days 
the infusion | 
8. g. 
Finest barley 150 Finest barley 250 
Carrots 100 Beef heart 50 
Parsley 50 Lard 30 
‘Horse meat 100 Dried bones 40 (by mouth) 
Sodium chloride 10 
Dried bones 30 


Between the experiments a recovery diet was given, limited as to 
the number of calories, but containing. an excess of carbohydrate, Thus 
the animals were under the constant influence of a high carbohydrate 
diet, and this ensured the most intense assimilation of intravenous 
glucose [Wierzuchowski, 1931]. 

As the index of nutrition [Cowgill & Drabkin, 1927] of the hove. 
mentioned animals was about 0-3 (Table I), the state of nutrition was 


; Tanz I. Body constants of the four bitches used in the experiments 


| Inde of 
Weight _VWeighting. & Drabkin 
Dog om. Length in om. sq.m. 
68-2 9-31 0-309 0-441 
Zul. 71-9 8-53 0-284 0-451 
Ordo. 73-6 10-53 0.208 0-499 
84-6 17-38 0-306 0-688 
Average 0-299 


* After Cowgill & Drabkin [1927 emaciated 0-26; good verage state of 
nutrition 0-20. 0.1 I; maximum o 


a medium one, and great care was taken to ensure that the weight of 
the animal was uniformly steady on the days of the experiments. During 
cestrus and for some time afterwards no experiments were performed. 

When glucose is introduced at high rates regulation of water supply 
to the organism is needed. This regulation must be such that on the one 
hand while solvent sufficient for the elimination of rejected glucose is 
provided in order to prevent the phenomena of dehydration, on the 
other hand the quantity is not so large as to allow the washing out of 
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excessive quantities of glucose by an unnecessarily large diuresis. Out 
of several experimental procedures which are available for this purpose, 
and which will be described in a later paper, it seems that the equi- 
volumetric technique is the most accurate. It was therefore applied in 
the present work. Even at the highest rates of supply the animals re- 
mained in a nearly normal condition so far as body temperature, respira- 
tion frequency and clinical behaviour were concerned. Any pathological 
phenomena so encountered will be the object of future contributions; 
corresponding experiments are excluded from the present paper. 
Experiments were performed on each individual at intervals of 
2-3 weeks and longer, 24 hours after the last feeding. During the glucose 
infusion the animals were kept slightly covered at a room temperature 
of 26°C. For 6 hours before the infusion, during the infusion, and for 
6-8 hours after, urine was collected continuously by means of a catheter. 
Samples of blood were taken from the external jugular vein before infusion 
and either in the middle of each injection hour and once in the 6-hour 
period after infusion (dog Andro.), or in the middle of the first, second, 
fourth and sixth hour only of glucose supply (dogs Zul., Mess., Ordo.). 
When the blood sugar was low it was determined. by the Weid of 
Hagedorn & Jensen; when high, by similar ferricyanide procedures 
which will be described later. Each method was used only after it had 
been examined by several workers with regard to the coefficients of ferri- 
cyanide reduction over the whole analytical range, and after the 
coefficients of recovery of glucose added to the dogs’ blood had been 
carefully determined. Glucose in the urine was measured polarimetri- 
cally and checked by Bertrand’s method, and by the electrolytic 
deposition of copper [Wierzuchowski e al., 1931]. Relative hemo- 
globin concentrations were measured with Duboscq’s colorimeter. 
After the glucose infusion the urine was still collected until there was 
no glycosuria. Blood-sugar values obtained 6 hours after glucose infusion 
at most of the rates used (from 1 to 7 or even 8 g. of glucose/kg./hour) 
were almost the same as before glucose was given. Only when 9g. /kg./hour 
injection rate was used did me blood sugar require more 5 to come 
to basal level. 


RESULTS 


(1) Curves of glycosuria 

(a) First 3 hours of glucose infusion. When glucose is given under the 
conditions described at a rate of 1 g./kg. /hour, it either does not appear 
in the urine, or appears only in traces in the first and second hour of 
21—2 
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53 


0-01 


28. 0616 
Ig. 0-01 


0-10 


2 3 4 
Hours of glucose infusion 


6 hours in four dogs. Average of 204 data, 


Fig. 1. . 
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infusion. With increasing rate of supply the greater is the quantity 
eliminated in the urine. The trend of glycosuria (Fig. 1) is, at most 
infusion rates, characteristic, each curve showing in the second infusion 
hour a more or less strongly pronounced “hump”, a reflection of what 
is called the first phase of glucose assimilation [Wierzuchowski & 


Gadomska, 1927; Wierzuchowski, 1931; Wierzuchowski et al., 


1935], an initial period of weak utilization, this being followed in the 
third hour by an increase of utilization—the second phase—accom- 
panied by a decrease in the amount of sugar excreted. : 

Up to 5 g./kg./hour the first phase is clearly shown, but at higher 
rates of supply the phenomenon may be recognized only by a delay in 
the increase of glycosuria (Fig. 1). If, however, samples of urine were 
collected more frequently, upward and downward movements of the 
curve could probably be found, as is the case with lower rates of infusion. 
At an infusion rate of 9 g./kg./hour the phenomenon is only slightly 
visible. With the higher rates of supply, however, the first and second 
phases appear most clearly on the curves of diuresis (see later). 

(6) Second 3 hours of glucose infusion. In the fourth to sixth hour of 


infusion the glycosuric curves show an upward: tendency (Fig. I). At : 


an injection rate of 2 g./kg./hour this is not seen in all cases (Fig. 1, and 
Wierzuchowski[1931]). At 3-5 g./kg./hour it becomes gradually more 
visible, and at 6-7 g./kg./hour it is quite clear (Fig. 1). At 8 g./kg./hour 


in the last hour, there is no further rise, and at 9 g./kg./hour, in the last 


hours of infusion, glycosuria decreases. Both are signs of a quickly 
appearing lesion of the kidneys overburdened with excessive sugar 
elimination. It is worth while pointing out that at times the differences 
between the curves for 7 and 8 g./kg./hour are equal to 1 g., that is to 
say, an amount as great as the difference in glucose supply at the corre- 


sponding moment. 


(2) Utilization of glucose provided 
If from the whole quantity of glucose injected in one experiment (I) 


: is deducted the entire amount eliminated in the urine (E), we have left 
the total amount retained in the organism, i.e. assimilated during the 


entire experiment (A), at that particular velocity of injection: 


The value for utilization thus obtained comes as much (1) from the 
infusion period as (2) from the period after injection. Although different 
laws apply to these two kinds of values, from the standpoint of total 
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supply they deserve joint treatment. We shall present the results first 
in percentage form: 
Percentage of total eliminated = 10°, 


Pieroentage of total injected assimilated (3) 


From the curves plotted from these percentage values (Fig. 2) as calcu- 
lated from formule (2) and (3) we see that a supply of 1 g./kg./hour gives 
the highest percentage assimilation. Between rates of 1 and 8 g./kg./hour 


372 50.7 


. p ercenta 8 of glucose supply 
BS. ͤ 8 .8 


S 


0-4 
Glucose injection rate g./kg./hour 


Fig. 2. Percentages of total infused glucose eliminated and assimilated. 
Mean of forty-nine data in four dogs. 


the percentage values in Fig. 2 are approximately linear, from which one 
may conclude that for each added gram of glucose infused per kg. per 
hour above the rate of 1 g./kg./hour there appears in the urine some 
7p. C. of the total supply, and accordingly the total percentage retention 
(assimilation) decreases by as much for each added gram. In connexion 
with the kidney lesion at an infusion rate of 9 g./kg./hour there appears 
in the urine at this rate almost the same percentage of the total injected 


as at a rate of 8 g./kg./hour, the highest utilization being about 50 p. c. 
of the glucose supplied. 
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Sha Fate of V9. of glucose per kg. 1 
various pre-existing infusion rates 


z When comparing the amounts of glucose eliminated in the urine at 
various injection rates we reach an expression for the increment of 
glucose elimination corresponding with the increment of supply, and 
also an expression for the increase of assimilation in relation to the rise 
in supply. If J’ and E“ indicate the entire quantity of glucose injected 
and eliminated respectively at lower infusion rates, and J” and E the 
corresponding values at infusion rates 1 g./kg./hour higher, then we can 
ae increment of elimination increment of assimilation 
: increment of supply and increment of supply 
as the parts of 1 g. supplied, which have been eliminated (formula (4)) 
and retained (formula (5)) respectively: 


Increment in re elimination gram 


Increment in glucose assimilation per gram introduced — Por 


One sees from Table II, based on these values, that during the supply 


{ _ of 1 g. glucose/kg./hour nearly the whole is assimilated. Thus at a speed 
i of supply equal to the highest at which glucose is absorbed from the 
2 Tan II. Fate of the increment in glucose supply. Average for four S 
Forty-nine experiments 
Ee Increment for each 
In- During entire experiment 7 — 
fusion A Eliminated Assimilated 
— Total Total Total 
| g/kg. g./kg. g/kg. (s. 8. In In g. 
0 6 0.026 0-43 5014 
@ 127 1273, % 2981 3802 3719 6108 
= — 90 92375 389.58 


__ dog’s intestine [Trimble & Maddock, 1934] the utilization is maximal. 
As the rate of supply increases, less and less of each additional gram is 
Atilised until at a rate of 7 g. kg. hour each superadded gram is almost 
entirely eliminated in the urine (97 p. c.). The line formed by individual 
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points expressing the utilization of the increment of glucose supply is, 
as seen from Fig. 11, a straight one. This line connects 100 p.c. utiliza- 
tion at 1g./kg./hour with zero utilization at 8 g./kg./hour. Having 
regard to the importance of this phenomenon we give in Table III a 


Tann III. To show that normal dogs behave like diabetic dogs when the upper limit of 
glucose assimilation is attained. Comparison of two successive glucose injection rates: 


7 and 8g. | 
Injection rate | Injection rate * — 
T g./kg./hour g/kg. fhour Of elimination Of assimilation 
Total Total Total Total p. c. of P. c. 
Total elimi. assimi- Total elimi- assimi- Of in- increase increase 
Dog injected nated lated injected nated lated jection — 5 ts of in 
on g. jection 
Mess. 992.28 1359.99 23229 44352 20602 23750 51-24 89-5 521 102 
Ordo. 45780 195-94 261-86 516-00 253-53 262-47 58:20 5759 990 0-61 10 
Ordo. 45780 19594 26186 49728 23451 262-77 39-48 38:57 O91 2:3 
Andro. 731-01 330-58 400-44 849-12 44286 406-26 118-11 112-28 95-1 Pi ce 49 


few records which illustrate the fact that during glucose supply at a rate 
of 7 g. /kg. hour normal dogs react towards the addition of 1 g. glucose / 
kg. / hour just as diabetic dogs, i. e. they eliminate in the urine practically 
the entire excess of supply. The author proposes to call this condition 
overflow diabetes. 

(4) Curves of diuresis — 


During infusion the animals were kept approximately in water equi- he 
librium, their body weight being maintained on a constant level by 
regulating their water supply. The curves of diuresis (Fig. 3), calculated 
per kg. body weight per hour during period of glucose administration, 
recall to some extent the curves of glycosuria (Fig. 1). 

n (a) First three injection hours. At the highest injection rates from 
5g. /kg. / hour up and when the first and second assimilation phases 
appear indistinctly in the curves of glycosuria, the diuresis curves shox 
an increase in the second hour of infusion and a fall in the third, corre- _ 
_ sponding with the first and second phases respectively in the curves of 
’ glycosuria. The rise of diuresis is not easily distinguishable in the second 
hour of supply at some of the lower rates (1, 2, 4g./kg./hour) in the average 
- ‘curves of Fig. 3, but can be noticed in the figures of individual experi- 
ments. 
(6) Last three injection hours. At rates of infusion 3-7 g./kg./hour 
and from the third injection hour, diuresis constantly rises. At 8-9 g./ 
„ on the other hand, it begins at this time to decrease (kidney 
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(e) Average diuresis, The tested animals had, in the various experi- 
ments, a fairly regular pre- injection diuresis; 1-04—1-58 c.c./kg./hour. If 
— 
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oO 2 3 | 4 
Hours of glucose supply 
Fig. 3. Curves of mean diuresis daring constant infusion of of hos 
Four dogs, 343 data. 
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we subtract this preliminary value in each individual experiment we 
obtain the average increase of diuresis during the injection period at all 
injection rates (Fig. 4). The values for the increase of diuresis above the 
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basal figure lie, between rates of 3 and 8 g./kg./hour, nearly on a straight 
line. Within these limits its increase for each gram increase in injection 


rate amounts on an average to 8-47 c.c./kg./hour. ie 


2.8 4. 
Injection rate g./kg./hour 


Fig. 4. th various four dogs. 


(5) Relation between diuresis and glycosuria 

If we wish to determine the relation between glycosuria and diuresis 
we must consider the diuresis only to the extent in which it is associated 
with the elimination of glucose. Manifest glycosuria does not appear 
until an injection rate of 2 g./kg./hour is reached. Therefore, it seems 
right to subtract from the diuresis associated with glycosuria the volume 
of urine which would appear during glucose infusion even if almost no 
glucose were eliminated, i.e. the diuresis at the injection rate of 1 g./kg./ 
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hour. The remainder of the diuresis is the part which is related purely 
to the glycosuria. It appears from Table IV that between injection rates 
_ of and 9 g./kg./hour glucose is eliminated at an average concentration 
ö ES Tant IV. Relation between glycosuria and increase of diuresis over that existing at the 
35 injection rate of 1 g. glucose/kg./hour during 6 hours of continuous glucose infusion 


| : Glycosuria as 
I Diuresis d G 


g. /kg. hour 0. 0. g-/kg. p. o. 
2 29 0-69 (2-67) 
3 50-5 2-58 5-11 
4 109-4. 613. 
6 150-4 8:57 5-70 
6 216-0 12-36 5-72 
7 305-5 16-62 
8 400-0 21-21 5-30 
9 422-8 5:78 
Average 5-39 


ol 539 p.c. Thus 1 g. of glucose is eliminated on an average in 18-6 c. c. 

olf urine. The exceptional value of 2-67 p.c. at a rate of 2 g./kg./hour 
may be ascribed perhaps to the fact that the amount of water introduced 
at this injection rate was larger than the eliminative needs of the kidneys. 


(6) Curves for blood sugar 
135 (a) First 3 hours of infusion. In Fig. 5, at injection rates of 1-7 g.“ 
kg. hour inclusive, a first phase is seen in the course of blood-sugar 
curves in the first hour of infusion as a slight rise; after which in the 
second hour, a depression is seen. This phenomenon is pronounced up 
to a rate of 5 g./kg./hour, is faintly seen at 6-7 g./kg./hour, and disap- 
pears at a rate of 8-9 g./kg./hour. 
00) Last 3 hours of infusion. The further course of blood-sugar curves 
depends on whether the rate of metabolic and excretory removal of 
glucose from the blood is, or is not, in equilibrium with the rate of 
supply. In this period, at the rate 1 g./kg./hour, the curve decreases 
slightly, signifying with an almost complete lack of glucose in the urine, 
a slight but definite increase in the rate of its metabolic removal. The 
Po glucose deposited in the tissues being utilized, the result is a prepon- 
_ derance of rate of removal over that of intravenous supply. At an 
injection speed of 2-5 g./kg./hour the curves become stabilized at a 
higher level and then run parallel to the axis of abscisse (equilibrium 
_ between supply and removal). At 6 g./kg./hour they rise obliquely from 
__ the axis of time, adopting a gradually steeper slope as the supply in- 
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Hours infusion 


at rates from 1 to 9 g. /kg. / hour. Means from eighty data. 
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creases. At 8-9 g./kg./hour the curves straighten, starting from the 


middle of the first injection hour. 
(c) Average level of blood sugar. This is shown in Fig. 6, and has been 
derived from planimetric measurement of the surface area enclosed by 


1700 1715. | | 


“1500 


1300 thi 292 


2.27 


2°06: 


766 


Blood sugar mg./100 c.c. 
Glycosuria g./kg./hour 


8 


JJ 
Rate of injection g./kg./hour 
Fig. 6. Mean blood sugar concentration during continuous infusion of glucose, calculated 
from planimetric measurement of area surrounded by the blood sugar curves of the 
dog Ordo. Dotted line: average glycosuria for four dogs. 


curves plotted for one of the dogs at various injection rates. A parabolic 
relationship is disclosed as can be deduced from Fig. 5. The course of 
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this curve is similar to that of an average glycosuria (Fig. 6, dotted line). 
Similar results were obtained with three other animals. 


(7) Residue of glucose in organism at end of injection. 

If, as in our former work [1927, 1931, 1935], we assume that glucose 
in dogs’ blood is in equilibrium with 50 p.c. of the body weight [compare 
recent discussion by Evans et al., 1931; also of Buchwald e al., 1933], 
we can calculate approximately the quantity of glucose remaining in 
the organism (S) at the end of the period of supply, taking as a basis of 
calculation the difference between the blood-sugar level at the close of 
the injection (b,)—extrapolated from the middle of last —" hour— 
and the pre-injection 2 (b.) expressed in g./ 100 c. o. 


S=(b,—b,) 5. V (6) 


One obtains from formula (6) the quantity of glucose per kg. body weight 
remaining in the tissue at the end of the injection phase. If 4“ is the 
amount of glucose in g./kg., assimilated after the infusion is finished, 
and “' the amount in g./kg. eliminated in the urine wie the same 


period, then (6% 


In Fig. 7 the A set of values shows the absolute amounts of residue in 
the organism at the end of the injection phase calculated according to 
formula (6). The other curve in A gives the exact quantities of glucose 
eliminated at this time. The shaded area corresponds approximately, 
therefore, with the intensity of assimilation after glucose infusion at 
various speeds. The percentage values of the residue assimilated and 
eliminated (B set of values on Fig. 7) seem to fall approximately on a 
straight line which by its slope indicates that the greater the deposit 
the smaller is its percentage utilization and the greater its percentage 
elimination. This statement will remain exact no matter what coefficient 
within a reasonable range, instead of 5, we také in formula (6) and (7). 
Nevertheless, the utilization of each gram of glucose left after 
injection is better than during the entire experiment (during infusion 
plus after-infusion periods), as may be seen from Fig. 11. It seems clear 
from Fig. 7 B, for instance, that at an injection rate of 8 g./kg./hour, 
of 10-52 g. glucose left in the body per kg. body weight there is 
eliminated in the urine 2-37 g. (Fig. 7 A). This is 23 p.c., and 77 p.c. 
is retained (Fig. 7 B); whereas for the whole experiment 51 p.c. only 
is assimilated at the same rate of infusion (Fig. 2). Between infusion 
rates of 7 and 8 g. the glucose residue increases by 2-74 g. (Fig. 7 A), 
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Fig. 7. Graphs illustrating the fate of glucose residue after infusion: A, in absolute 
amounts per kg.; B, in percentage distribution of the fractions assimilated and 
Average for four dan, forty-nine dat. 
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and at the same time the post-injection glycosuria is raised by 0-93 g., 
i.e. 34 p.c. of the total increment offered to the tissues; whereas during 
the whole experiment almost the entire increment of supply, i.e. 97 p.c., 
is rejected. | | 

The post-infusion residue, disappearing minute by minute from the 
moment the infusion is ended, is subjected by turns to the fate charac- 
teristic for all velocities of supply lower than the one to which the residue 
is immediately due. The more the deposit is removed the better is the 
utilization of the part still left until this undergoes 100 p.c. utilization, 
when glycosuria stops. The final result is the integration of all these 
successive values; Therefore, the greater the initial residue the smaller 
relatively is its utilization at the beginning, and the smaller relatively 
the final integral of post-injection assimilation, as at the higher levels 
of residue more glucose is excreted in the urine. 

No constant percentage of the glucose administered is put aside at 
rising rates of supply: the more the rate of supply increases the greater 
is the percentage of this supply which becomes a temporary residue. 
The values so obtained lie on, or near, a straight line (Fig. 7 C). 


(8) Assimilation rate across the whole injection range 


With the help of the following method we shall try to introduce the 
conception of speed into the interpretation of the present experiments 
on glucose assimilation. It has been shown already that with a sugar 
supply of 2-3 g./kg./hour from the fourth till the sixth hour, the curves 
for glycosuria and for glycemia show a course more or less parallel to 
the axis of time; that is, they remain nearly constant from hour to hour. 
In this period the rate of removal of sugar from the blood becomes equal 
to that of its supply. To these injection rates and to this restricted period 
is applied the formula 83 

a , (8) 
In words it may be expressed: the assimilation rate (v.) is equal to the 
injection rate (v,) diminished by the speed of glucose elimination (v,), 
all values being expressed in g./kg./hour. In the same injection period 
the trend of the sugar curves for 1, 4 and 5 g. rates also is not far from 
parallelism with the time axis (Figs. 1 and 5): therefore, for the calcu- 
lation of the assimilation rate the formula (8) can also be applied. If, 
however, we wish to obtain more nearly correct values, we must introduce 
a correction factor for the sugar stagnating in the body making the 
same assumptions as before and taking into account the direction of 
the change in glycemia. If ö, is the blood-sugar concentration at the 


4 
x 
8 
¥ 
22 
« 
2 
* 
5 
* 
2 
+ 
2 
2 
4 
x 
15 
= 
a 
* 
1 


TOLERANCE OF THE DOG TO GLUCOSE 327 
beginning and 6,,, at the end of the observation period in g./100 c. c. 


and æ the period of observation i in hours, then the assimilation rate, as 


in our former work, will be pata : 


As the correction factor 5 (b, % 1 b.) is small in relation to v. - v,, the 

constant 5, a somewhat arbitrary figure, may be varied appreciably 

without our conclusions being thereby affected. The summary of these 

considerstions i is given in Table V, in which assimilation rates, calculated 
according to formule (8) and (9), are to be found. 


Tan V. Assimilation rates of glucose injected intravenously in four dogs 
at different constant speeds during fourth to sixth hour of supply __ 


Glucose 
Assimila- 


jec- tion rate 
tion r Elimina - based on observation Corrected of supply 
rate tion rate formula (8) period, i.e. assimilation 

mg./ g/kg. rmula (9) formula (9)) 

hour 100 0. 0. hour g. kg. / hour g p. o 

1 152 0-002 0-998 +0-045 1-043 104˙3 

2 244 0-106 1-894 — 1-894 94-7 

3 375 2-541 — 2-541 84-7 

4 592 0-938 3-062 ~ 0-085 209771 74˙4 

85 202 1-556 3-444 0-165. 3-279 65-6 

6 986 2-418 3-582 — 0-545 3-087 } 3-092 50-6 

7 1444 3-261 3-739 — 0-535 3-204 45-8 
8 10923 4188 3-812 - 0-850 2-962 37-0 


‘Added if glucose stagnation decreases, subtracted ift increase in the body. 


It appears (Table V) that the speed of assimilation at first grows 
quickly. with the injection rate, but that the organism soon gets satu- 
rated, and then assimilates on an average 3-09 g. glucose per kg./hour 
at injection rates of 4-5 g./kg./hour. This assimilation value persists 
until the end of the injection range, in spite of the fact that, at the 
same time, the average value of the blood sugar undergoes a threefold 
increase from 592 to 1923 mg. / 100 C. c. (Table V). The blood-sugar level 
at which the rate of assimilation seems to become constant is 600-7 00 
mg./100 C. o. (Table V). 

If, by other means, we try to calculate the assimilation rate, we arrive 
at similar results. The assimilation rate for the first 3 hours of infusion 
cannot be calculated from formula (8) or (9) because of the varying level 
of sugar in both blood and urine. 
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(9) Water content in the blood 


During the whole period of continuous glucose infusion the blood 
hemoglobin undergoes dilution under the conditions of the present 
experiments (Fig. 8). This hydremia gives a characteristic curve. In the 


100 — 
80 al 
2 3 4 5 
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Fig, 6. Relative concentension of sin in the blood during infosion of glucose at 
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different rates. Four dogs, 245 data. 
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Fig. 9. of blood hemoglobin and of diuresis. 
Average for four dogs at the glucose injection rate of 3 g./kg./hour. 


first hour of infusion the hemoglobin concentration is always at its 
lowest. In general, the greater the injection velocity (the more grams 
of glucose per kg. per hour introduced) the more intense is the dilution. 
In the second infusion hour the dilution begins to decrease, and so 
proceeds either until the close of the infusion or until a certain return 
of dilution occurs as at the injection rates of 8-9 8. /kg./hour. At these 
injection rates the * before infusion is over, is almost as dilute as 
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in the middle of first hour. The marked hydremia in the first hour goes 
hand in hand with the peak of the first phase of glycemia and with the 
relatively small diuresis and glycosuria. With the rise of diuresis and of 
glycosuria in the second hour the organism is getting rid of its water 
and sugar surplus, the concentration of hemoglobin in the blood in- 
creases, and that of the blood sugar falls (Fig. 9) (1-5 g./kg./hour). The 
first phase phenomena in glucose transformation are, then, closely re- 
lated to water metabolism. 5 


(10) Relation between * and glycosuria 


As Felsher & Woodyatt [1924] have already found, up to certain 
rates of continuous glucose supply there is no manifest glycosuria. The 
relation between glycosuria and glycemia cannot show itself till glycosuria 
appears. We should relate, therefore, not the total blood-sugar increase 
to the corresponding degree of glycosuria, but only that increase which 
occurs above a level not yet grossly glycosuric. This blood-sugar level 
we assumed arbitrarily to be 0-200 g./ 100 c. 0. This value has been sub- 
tracted from the values of glycemia found during infusion (b) in the 
middle of the observed period of glycosuria. The ratio thus developed (10), 


g. glucose eliminated/kg./hour v 
Glycosuric ratio =~ glucose increment in blood over 0-200 g. in 1006.8. —0˙25 


calculated between the fourth and the sixth hour of infusion for various 
injection rates (this period being chosen because of the stabilization of 
sugar removal phenomena at those times), gives a curve which has a 
certain peculiar regularity (Fig. 10): it shows lower values of the glyco- 
suric ratio at lowest and highest injection rates, and a maximum at 
medium rates. The position of this maximum varies with individual 
animals, The average for all four dogs shows a maximum between 5 and 
6 g./kg./hour. It amounts in the first case to 3-10, and in the second 
to 3-07, and is therefore lower than in the individual example in Fig. 10. 

This result demonstrates that glucose elimination by the kidneys in 
certain periods of the experiments is, at certain velocities of injection, 
promoted by a smaller blood-sugar content than it is at other injection 


The glycosuric ratio does not seem to change when experiments are 
repeated with the same injection rate. For instance, in dog Ordo., 
experiments performed at intervals of several months at an ne 


rate of 4 — the glycosuric ratios were 4-59, 4-08 and 5-01. At 
22—2 
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an infusion rate of 7 f/ hour and at intervals of 1 year it was 3°17, 
3-43 and 2-90. When 8-g./kg./hour were injected, in one experiment it 
‘was 3-11, and in another, over a year later, 2-82. Lastly, at the very 
dangerous rate of 9 g./kg./hour, which as a rule injures the kidneys, a 
ratio for the first experiment 2-48, * for the next one, 13 months — 
2-40 


Gier, Glucose injection rate g./kg./hour 
Fig. 10. Glycosuric ratio in the dog Ordo. 


“at ‘we denote by v,” the rate at which glucose is eliminated in the 
urine over a certain hour of injection and during a certain injection 
rate, and by b“ the corresponding blood-sugar level; and further, if we 
call v,’ the glucose elimination rate in the same hour of injection but 


at an infusion rate 1 g./hour less, and 6’ the corresponding blood-s saan 
level; then the relation of these values . 


Incremental aly ratio= 


gin tof glycemia in g./100 0. 
(11) 


8 an index of the 3 8 for each additional gram of 
glucose which has been injected per kg. body weight per hour. The 
advantage of this relation is that it omits the unsettled question of 
kidney threshold for glucose [Ambard, 1931]. In Table VI we see that 
this ratio in the fourth and sixth hour decreases in general as the rate 
of . injection grows. If, nnn. we take the average for all four 
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6-hourly infusions of glucose. Dog Ordo. ! 2 83 


8 „ 6 1-77 4-46 5-03 4.20 

5 6 ” 7 5-30 4-92 1-75 1-48 5 3°36 1 

” 4-74 ‘2-85 3-46 2-52 —— 

Average 


points of each rate of en the ratio appears constant for all rates, 
except for those of 3-4 g., where it is somewhat higher. The average for 
all rates is 3-69. This means that 1 kg. of the body needs, in order to lose 
during 1 hour 100 mg. of glucose in the urine, an increase of 27 mg. 
glucose per 100 C. c. blood for 1 hour. Although this ratio must be re- 
garded with reserve its constancy seems too uniform to be accidental. 
It suggests that, irrespective of the rate of infusion of glucose, of the 
blood-sugar level, and of the corresponding kidney threshold for glucose, 
a given increase in blood sugar seems to cause a constant increase in 
the rate of sugar excretion. 


Discussion 


sbi there are many data concerning the reaction of the mines 
towards single low and medium rates of continuous intravenous injection 
of glucose, the behaviour of animals towards a whole wide range of rates 
has only seldom been examined. F. M. Allen [1913], on the basis of an 
intravenous supply, not, however, at a constant rate, to normal and 
pancreatectomized dogs, came to the conclusion that for a normal animal 
there is no upper limit of glucose assimilation. As more glucose is in- 
jected more is retained, whereas the diabetic animal has a distinct. assimi- 
lation limit. He therefore announced his “paradoxical law of glucose”, 
R. T. Woodyatt [1915-16] came to similar conclusions when using 
a precise technique of continuous intravenous supply of glucose at 
a rate of 1-7 g./kg./hour. In the absence of toxic phenomena there 
was no upper limit to glucose assimilation. Maintaining the water 
balance of the animals at the level found at the start of the experiment, 
he stated that with rates from 3-6 to 7 g. glucose/kg./hour the animal 
retains with remarkable constancy 60-65 p.c. of the supply. With all 
due respect to the findings of these authors we must state, however, 
that the upper limit of assimilation was not reached in their experimenta 
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as the highest. possible injection rates were not used ; nor did they subject 
their results to the intrinsic analysis which we have here employed. 

The present work gives a survey of the disposal of glucose, under 
standard conditions, by one and the same normal individual when, by 
means of a proper technique, this sugar is introduced intravenously at 
different but individually constant rates. The rates used have varied 
between that of maximum absorption from the dog’s intestine, which is, 
according to Trimble & Maddock [1934], about 1 g./kg./hour, and a 
rate 9 times as great, namely 9 g./kg./hour. This last rate is tolerated 
by some individuals only during the time used in these experiments, 


namely, during a 6-hour injection period. Using the last rate on a man 


of 70 kg. body weight for 6 hours we should introduce into his veins 
little less than 4 kg. of glucose (9 x 70 x 6 =3780 g.). This gives an idea 
of how large was the greatest rate applied. 

An analysis of the present data brings us to the conclusion that there 
exists in a dog a definite upper limit of glucose assimilation: 

(a) If we consider the total quantities of glucose injected and 
eliminated in one experiment, we find that at a rate of 8 g./kg./hour 
97 p. o. of the glucose in excess of that supplied at the rate of 7 g./kg,/hour 
is rejected by the kidneys. 

(6) On the other hand, if we investigate certain periods only of 
the experiment we find that already the maximum resting capacity to 
utilize glucose—3-09 g./kg./hour—appears at an infusion rate of 4—5 g. 
kg./hour, to which corresponds a blood-sugar level of 600-700 mg./100c.c. 
or 560-660 mg. of glucose. A further rise of glucose in the blood does 
not seem to bring any immediate profit (although it may be utilized as 
residue after infusion). 

As will be seen from the following consideration, between these two 
points of view there exists only an apparent contradiction. Under the 
conditions of the present experiments the utilization of glucose injected 
at a constant rate has three periods in which it assumes different values. 
The first during the first 3 hours of injection contains the first and second 
phases of glucose assimilation. In this period the assimilation rate rises 
at the beginning from zero, until it reaches a definite value which 
dominates during the second period. The average assimilation rate during 
this period, therefore, must necessarily be lower than in the second 
period. In the second period, from the fourth to the sixth hour of in- 
fusion, the assimilation rate has a fairly constant value which is charac- 
teristic for a given rate of infusion. In this period the assimilation limit 
appears at an injection rate of 4-5 g./kg./hour. The third period begins 
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with the end of infusion, and the assimilation rate falls from the definite 
value of the second period to zero when the removal of oo intro- 
duced into the body is finished. 

The coefficients of glucose utilization (Fig. 11) show in the third 
period an especially large assimilation of glucose residue, a much smaller 
utilization at the peak of assimilation, and, for the whole experiment, 
the mean utilization during all three periods is somewhere between the 


Glucose infusion rate g./kg./hour — 


Fig II. Utilization of 1 g. glucose in the body under the conditions 
of the present experiments. 


rae ee lines. It is, then, evident that the utilization of each eran. of 
administered glucose is much greater in the whole experiment than 
during the infusion only, since the after-infusion period improves the 
final result. This is the explanation of the fact that the upper limit of 
glucose assimilation in the entire experiment is higher than in the second 
period. It is not until the incapacity of the body to transform sugar 
during infusion has become great that the supplementary good assimi- 
lation in the third period is overshadowed. For example at a rate of 
7 g./kg./hour, 97 p.c. of each superadded gram is eliminatec. 
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As representative of every injection rate the assimilation rates in 
the second period, contained in Table V, should be considered, and from 
the general standpoint, the assimilation limit attained in this period 
accepted as an upper limit of assimilation. If, however, for practical 
purposes we wish to know the utilization of glucose injected in surplus 
of. certain pre-existing rates, or when we try to examine under. the 
present conditions gluconeogenesis from some supposedly sugar-forming 
bodies, as is done in some forms of diabetic disturbance, we may take 


the values from the entire experiment and use the data in Table II. In 


this case it is not until a blood-sugar level of some 1500 mg./100 C. c. is 
reached that 1 g./kg./hour of superadded glucose is rejected in the urine. 
There seems to be no paradox with respect to glucose assimilation. 
Like other foodstuffs it has a limit of utilization, a limit which can be 
determined before gross disturbing pathological phenomena occur. 


In normal resting dogs kept under standard conditions glucose 
was introduced intravenously over the range of infusion rates compatible 
with life. 

The laws of glucose utilisation, water exchange and glucose elimina- 
tion observed under these conditions will be found in the text. Emphasis 
should be laid on one of these generalizations, namely, that there is no 
paradoxical lack of an upper limit to glucose utilization. If the second 
half of the infusion period is analysed this limit appears at a rate of 
injection of 4-5 g. Kg. hour. The maximal rate of glucose utilization in 
a resting animal is, on an average, 3-09 g./kg./hour at a blood-sugar 
level of 600-700 mg./100 c.c., and does not increase, even if the _ 
dosage is raised to 8 g. / Eg. hour. 

If, however, the entire experiment is considered, the upper limit of 
glucose utilization does not appear below an injection rate of 7 g./kg./hour 
owing to the high utilization of glucose which is retained in the tissues 
at the close of the injection period. At this infusion rate any additional 
glucose is almost completely (97 p.c.) rejected in the urine. Thus, a 
normal animal comes to resemble one with complete diabetes. 

Attention must be called to a relation which has been named the 
n glycosuric ratio, viz. 

Increment of glycosuria for each g. increase of glucose supply 

xe Corresponding increment in glycemia in g./100 o. c. 

It is constant for almost all injection rates and amounts on an average 
to 3-69. This means that in order to eliminate, at any blood-sugar 
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concentration, 100 mg. glucose/kg. body weight/hour in the urine, a 
normal dog needs, on an average, for 1 hour, a rise of glucose in the 
blood amounting to 27 mg./100 c.c. 


The author is indebted to Mr H. Fiszel and Miss A. Gostytiska for their very able 
assistance in the preparation of this work. 
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THE NORMAL LEUCOCYTE PICTURE 
) IN A HOT CLIMATE 
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anv IAN MACKAY (Ft/Lieut., R. A. F. M. S.) 


From the Royal Air Force Hospital, Hinaidi, and the Department of 
"Physiology, Royal College of Medicine, Baghdad, "Iraq 


(Received April 16, 1936) 


RECENT investigations of the polynuclear count of European and indi- 
genous populations in Iraq showed a marked shift to the | 
[Kennedy, 19854; Kennedy & MacKay, 1935]. This directed atten- 
tion to the differential count, and it was found that the blood picture 
in normal individuals in "Iraq differed from the standards given in all 
the text-books of tropical medicine available to us. These, indeed, were 
similar to the figures found in the best known manuals of histology, 
pathology and medicine. Physiological standards were necessary for the 
furtherance of other researches, and when they were established the 
results appeared of sufficient interest for presentation. 


MATERIAL 


The first group of subjects was 177 airmen and officers of the Royal 
Air Force stationed at Hinaidi, who had been in Iraq for at least a year, 
during which they had good health records. In the three weeks before 
sampling they had no minor disorders (diarrhoea, headaches, etc.). 

It is emphasized that the health standard of the population is singu- 
larly high: recruitment for the R. A. F. involves the strictest medical 
examination, and many of the subjects had just undergone the stringent 
pilots’ annual medical board. The age range was 19-30; the environ- 
mental conditions were uniform. Cases deviating considerably from the 
means (¢.g. II p.c. eosinophilia) were re-examined for latent helminth 


infection, septic foci, and the like, and only included after repeated 
negative results. 
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For comparison smaller but otherwise similar groups of airmen were 
obtained from Amman, Transjordania (numbering 32); Aden (33); 
Khartoum, Sudan (29); and also a strictly selected group of 29 Iraqi 
medical students from the Royal Medical College, Baghdad. 

The samples were collected between 10 and 12 a.m. in the months 
of July and August; stained with buffered Giemsa; examined with a 
Watson binocular microscope with a 1/7 in. immersion lens and x10 
eyepieces, This lens system was very satisfactory, and reduced fatigue 
to a minimum. Both workers counted the slides to eliminate personal 
errors. 
RESULTS 


Fig. 1 is an ogive graph of the counts for neutrophils, lymphocytes, 
monocytes, and eosinophils. For comparison with British standards, 
cross-lines indicate the averages of the ranges given as normal in ten 


90 


1 


0 20 4 6 80 100 120 140 Oo 180 200 220 240 260 280 300 
Or 


Fig. 1. Ordinate=p tage of cells. Abscissa = number of subjects. From above down- 
wards the graphs represent the counts of neutrophils, lymphocytes, monocytes and 
eosinophils respectively. 

I 
Coefficient 
Standard of 
Mean 0 error variation Minimum Maximum 

Neutrophils 56-6 7:27 1 12-5 35 75-5 
Eosinophils 3:8 2-39 +0-138 62-9 13 
liga 25-9 7-31 +0-423 28-1 9 48 

onocytes 13-7 489 +0-283 35-6 4 29-5 
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well-known text-books, except in the monocyte curve which lies outside 
this range. Only 13-7 p.c. of the neutrophil counts fell within these 
limits, 40-7 p.c. of the lymphocyte, and 40-3 p.c. of the eosinophil counts. 
The statistical data are given in Table I, the various groups being com- 
bined as no significant difference occurred between them. 

To show the leucocyte state more completely a spot diagram was 
made, plotting percentage neutrophils against the weighted means of 
the polynuclear counts (Fig. 2). An area occupied by the ranges of the 
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Fig. 2 4. Ordinate = percentage of neutrophils. Abscissa = weighted mean of polynuclear 
count. The rectangle on the right represents the range of corresponding data for Britain. 


corresponding data for Britain [Kennedy, 1933] was included for com- 
parison, taking in this case the commonly given range of 60-75 p.c. 
polymorphs. Only five cases fall within it. There is no conspicuous drift 
in the plottings. Figures from acute infections with exceptions which 
will be obvious—plotted in this way show a definite drift, for the corre- 
lation between high polymorph percentage and low weighted means is 
strong. The different sources of samples, indicated by different patterns 
of square, show. an even distribution. Only seven points overlapped: 
these were plotted one unit to the side, the error being insignificant. 


more deeply stained, and less regularly distributed. Cells with coarse 


In many slides the granules of the polymorphs were larger than usual, 
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granules lay beside others with much finer granulation, such as one 
would call normal in Britain. The uniform staining of the films was 


2 


Ns. 2B. Enlarged chart of area within the square in Fig. 2A. 


against this being artefact. Panton [1930] states such coarse n 
occur in toxic and inflammatory conditions, and also in aplastic anemia. 
He considers it may be simply an indication of the extra work thrown 
on the cellular ferments. Further, more degenerated polymorphs with 
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naked or foamy nuclei occurred than usual. This applied to all the white 
cells, and particularly to the eosinophils in which the cytoplasm was 
frequently disrupted. 

Vosinophils are generally described as having fewer nuclear lobes 
than neutrophils. A thousand consecutive cells were counted according 
to the polynuclear criterion, and the following figures obtained : 


I, 237; II, 606; III, 144; IV, II; V. 2; 


corresponding to a weighted mean of 1-935. By a coincidence this is 
exactly the same figure as the average weighted mean of our previous 
polynuclear counts for airmen in Hinaidi [Kennedy & MacKay, 1935]. 

Basophils were only found in fifteen individuals. Cooke & Ponder 
[1927] state they are normally found in 60 p. o. of people to the extent 
of 0-3 p. c. of the white cells. 

No sound morphological, histogenetic, or clinical reason has been 
advanced for the subdivision of lymphocytes into large, medium and 
small types, as is done by many workers. The evidence indicates they 
are normal variations of the same cell form. Further, as Osgood & 
Haskins [1931] point out, the misuse of the term large lymphocyte 
may cause confusion with the pathological large lymphocyte, which is 
a separate entity. No differentiation has been made here. Azurophil 
granules were conspicuous in many of the lymphocytes, and in a few 
cases they were so numerous as to be confusing. 

“Monocytes; a convenient term to describe a group of cells which 
are very ill understood, and suffer from a multitude of labels. The group 
includes the mononuclear cells, hyaline cells, and transitional cells” 
[Samson Wright, 1934]. This admirably sums up the unsatisfactory 
state of knowledge of these cells, and has encouraged us not to subdivide 
them for the present purposes, though several types of monocytic cells 
could be differentiated clearly. Monocytes were much increased in 
number. The usual pathological causes of monocytosis, malaria and try- 
panosomiasis, are absent in Hinaidi, and cutaneous leishmaniasis is very 
rare, though common in Baghdad. None of the cases had leishmania lesions. 

Such terminological confusion exists in hematology that considerable 
difficulty is found in classifying some cells which occur so infrequently 
as to be called abnormal. The nomenclature of Osgood & Haskins 
has been followed, except that their myelocytes and metamyelocytes 
are grouped together. They differentiate the two by the nuclear shape, 
the former round or oval, the latter indented. Both occurred here, and 
i some which were yet not the same as the “Stabkernige”, had a bar type 
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of nucleus right across the cell. All the immediate precursors of the 
neutrophil were grouped together as myelocytes irrespective of nuclear 
configuration. Table II gives the numbers of abnormal cells 


Myelocytes n 
Percentage Cases Other cells my 

1 m 1 
15 14 — 3 
20 2 Macropolycytes 

2-5 3 Lymphoblasts 4 
3-0 2 Türk cells 1 
3-5 2 blasts ll 
4-0 2 Normoblasts 3 
4:5 1 


These occurred in 183 individuals, i.e. 61-0 p.c. More than one type 
was found in some. All the white cells are recognized to occur occasionally 
if infrequently in normal blood, though we have only one reference to a 
macropolycyte in a healthy individual (Cooke, 1934]. The unusual feature 
is that such cells were found in so large a proportion of the subjects. 

Five small lymphocytes were seen with apparently dividing nuclei. 
This is rare in normal human films, though we have often observed it 
in cats’ blood. 

Panton[1930] says that in the adult the finding of a single. normoblast 

is of significance, and the presence of megaloblasts may be of serious import. 
A normoblast was found in three subjects and a megaloblast in eleven, 
none of whom were otherwise distinguished from the rest of the group. 

A number of blood counts gave no indication of the alleged tropical 
anemia”, The average red cell count was 5,375,000: the white 8780. The 
hemoglobin averaged 96-3 p.c. by Sahli’s method. These results will be 
extended in a future paper. 


Discussion 


Evidence of bone marrow stimulation appears to be afforded by 
deviation of the polynuclear count, the frequency of “abnormal” cells, 
and the high total count. A left-handed polynuclear index could result 
from increased removal from the circulation, and this is probably a factor, 
but there is no evidence that it is operating alone. If it did, an unstable 
state would result, and on the contrary an equilibrium was demonstrated 
by the consistency of repeated counts in random individuals in the 
Hinaidi series, the absence of double maxima in any count, and the 
non-occurrence of leucopenia. The very high figures obtained here for 
monocytes indicate that these cells are more sensitive to the hemapoietic 
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stimulus at work than the granulocyte series, or that they are more re- 
sistant to the probable increased removal of white cells from the blood 
stream, or both. In certain pathological conditions, e.g. —— 
fever, much higher monocyte counts (40 p.c.) were found. 

The literature available to us is admittedly limited, but we have 
found no British accounts in which statistical tests appear to have been 
applied, so while eosinophils and lymphocytes seem to be slightly in- 
creased we have no standards for accurate comparison. Poindexter 
[1935] reports a higher percentage of eosinophils and monocytes in 
normal Alabama coloured people than is given in text-books. From 
_ their experience in Oregon, Osgood & Haskins [1931] conclude that 
a polymorph range of 55-75 p.c. is from 5 to 15 p.c. too high. 

In the previous study of the polynuclear count the suggestion was 
made that the deviation was probably due to climatic causes, and this 
still appears to be the most likely explanation. Pathological stimuli are 
excluded by the health standards of the subjects. Diet closely approxi- 
mates to that in Britain, though it is possible that some unsuspected 
deficiency may be a factor. The only obvious difference from home food 
habits is the higher fluid intake, and we have no evidence whether this 
has any effect in itself. The only other environmental agency affecting 
all the subjects is climate. Table III is extracted from official meteoro- 
logical data. Hinaidi, 106 ft. above sea-level, has a typical hot, desert 


Tam III 


Station Month Av. max. Max. range Av. min. Min. range 
Hinaidi July 111-7 103-121 77-7 73-85 
“ae 112-3 104-118 78-0 72-84 
Amman July 89-9 85— 97 63-9 57-75 
August 93-7 84-104 65-9 56-72 
Aden July 94-7 91-105 81-9 80-84 
August 93-4 90— 96 78-83 
. Khartoum July 101-6 92-111 78˙1 71-84 
ee August 94-5 83-100 74:5 68-80 
Humidity 
Station Month Av. max. Max. range Av. min. Min. range 
Hinaidi July 31-5 22 48 9-5 5-20 
August 37.7 25 62 102 5-16 
Amman July 633 38-87 19-1 5-32 
August 63-3 37 95 21-8 10-45 
Aden „%%; œ V. 
August 74:9 69- 86 — — 
Khartoum July 68-2 50 98 27.1 1245 


August 87.4 56-100 38˙8 28-61 
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climate, and is cloudless from May to September. Amman is also desert 
country, but the altitude is 2500 ft., and is a little cooler and slightly 
more humid. Aden and Khartoum are both hot: the former is humid, 
the latter semi-arid with a summer rainy season. 

Heat and intense solar radiation are factors common to the 852 
stations. The former produces at least a transitory leucocytosis, as can 
be demonstrated by Turkish bath experiments. The effect of long con- 
tinued heat apart from solar radiation is unexplored: the concomitant 
salt loss, and varied physiological readjustments might have far reaching 
results. 

Ultra-violet radiation is recognized as a potent hemapoietic stimulus 
[Russell & Russell, 1928; Kennedy & Flint, 1930; Kennedy & 
Thompson, 1927]. Russell & Russell state, inter alia, that estima- 
tions on a large number of soldiers in a temperate climate, and after 
transfer to the tropics showed that the erythrocytes and lymphocytes 
were considerably increased, and polymorphs diminished: further, that 
sunlight, ultra-violet radiation, and heat all produce an increase in 
lymphocytes; and that the eosinophils are increased by irradiation. They 
were able to produce parallel results with a mercury vapour lamp. 

The effect of finely dispersed atmospheric dust over the desert stations 
must be remembered. Attention has been drawn [Kennedy, 1935 ö] 
to the fading of skin pigment in Baghdad in the summer months, even 
when extensive sun bathing is practised. It is possible this follows on 
the dispersion of short waves by dust in the higher atmosphere, though 
it has been suggested that a colourless substance of high absorptive 
power is formed in the skin. It is clear that information is yet inadequate 
on many important points, and there is ample scope for investigation. 


— 


— 
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SUMMARY 


Differential white cell counts, and polynuclear indices of 271 British 
airmen and twenty-nine Iraqi medical students, under subtropical con- 
ditions, are presented and analysed. The neutrophils were relatively 
reduced, the monocytes increased, as compared with British standards. 
The polynuclear count was deviated to the left. An unusually high 
number of “abnormal” cells was found. The possible causes are dis- 
cussed, and it is concluded the climate is most probably responsible. 
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This paper is published with the permission of the Air Ministry and of the Director 
General of Health, Baghdad. 
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THE HEART RATE OF THE SYMPATHECTOMIZED > 
DOG IN REST AND EXERCISE i 


By L. BROUHA, W. B. CANNON Anm D. B. DILL 


Crom the Fatigue Laboratory, Morgan Hall, and the Laboratories 
of Physiology in the Harvard Medical School) 


(Received March 31, 1936) 


MuscuLaR exercise is accompanied by acceleration of the heart rate. The 
factors which determine this acceleration, and the heart rate attained in 
various standard degrees of exercise, have been studied in numerous 
experiments. 

After completely denervating the heart of a dog, and excluding 
chemical stimulation from the adrenal medulla and from the liver, 
Campos, Cannon, Lundin and Walker [1929] found that the heart 
rate was only slightly accelerated (12 beats at most), and that the muscular 
performance on a treadmill was greatly diminished. Samaan[1935], who 
performed a similar experiment after cutting the cardio-accelerators, 
except that he suppressed vagal impulses by atropine, noted that the 
heart rate never rose more than 18-29 beats instead of 110-130. His 
animals then performed the standard exercise with difficulty and showed 
intense signs of exhaustion. On the other hand, when the accelerator 


nerves alone were excluded by removal of the upper thoracic sympathetic 


chains, the dogs performed the standard work with apparent 
ease. Indeed Samaan makes the statement that in such animals, de- 
prived of the nerves which positively make the heart beat more rapidly, 
the maximum capacity for doing work is markedly augmented. 

In dogs deprived of the cardio-accelerator and splanchnic innervations 
determinations of the maximal endurance show a definite 
increase of the capacity comparable with that observed in 
animals without cardio-accelerator sympathetic innervation 
according to Samaan. However, the maximal tachycardia which was 
observed towards the end of the standard work was 105-121, an increase 


1 Advanced fellow of the C.R.B. Educationa Foundation. 
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of only 35-51 instead of the normal increase of 110-150 beats per min. 
These rather anomalous observations were puzzling. 

In an effort to find out more about the factors ‘controlling cardiac 
acceleration during muscular exercise, we made a series of experiments on 
totally sympathectomized dogs. These animals have no cardio-accelerator 
sympathetic nerves and cannot secrete into the blood stream adrenaline 
or sympathin in reaction to nervous stimulation. 


EXPERIMENTAL TECHNIQUE | 

Four dogs, two males and two females, weighing respectively 7, 9-5, 10 
and 11 kg., were trained to run on a motor-driven treadmill, the gradient 
and speed of which could be regulated. The tests were made 18-24 hours 
after the last meal, first with the treadmill horizontal and then at a 
gradient of 17-6 p.c. The speed of the belt varied from 53 to 265 metres 
per min. 

According to Slowtzoff [1903], for dogs of about 12 kg. the energy 
expended per kg. of body weight is 0-64 kg.m. for each metre of horizontal 
distance and 2-92 kg.m. for each metre of vertical distance. Table I shows 


Tam I. 


m. p 


88 a Light exercise 
53 10 8 
110 0 70 2 
132 0 85 
10 100 Average exercise 
110 10 125 
132 10 150 Intense exercise 
154 10 175 
176 10 
221 10 250 Maximal exercise 
265 10 300 


the speeds in metres per minute and the calculated energy expenditures 


in kg. m. per minute and per kg. of body weight. Henceforward this unit 
will be referred to merely as kg.m. per minute. 

The heart rate was recorded before, during, and after the exercise by 
means of a cardiotachometer similar in principle to that of Boas [1928]. 
The rectal temperature and the room temperature were recorded before 
and after the exercise. Several times blood was obtained before and after 
the exercise and tested for sugar and lactic acid content, and occasionally 
for its alkaline reserve. A total of 120 experiments have been carried out 


on these four dogs before and after the operations. 
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PREPARATION OF THE ANIMALS 


Two of the dows were carefully standardized by determnining the degree 


of cardiac acceleration at different running speeds and over different 
periods of time. When this was accomplished, they were sympathecto- 
mized in three steps according to the technique described by Bacq, 
Brouha, and Heymans [1934].1 The sympathetic chains were removed 
from the stellate ganglion to the second sacral ganglion. About 2 weeks 
after the last operation, the dogs had recovered enough to begin light 
exercise on the treadmill. 


Me. 1. Dogs fighting. 
removed and the other demedullated. 


The behaviour of these sympathectomized dogs coincides with the 


descriptions given by Bacq, Brouha, and Heymans [1934]. These 
animals run, jump, play, and look exactly like normal dogs. They are 
capable of self-defence or of attack and show neither apathy nor abnormal 
sensitiveness to heat or to cold. Experienced observers have been unable 
to distinguish sympathectomized from normal dogs by observing them 
playing or fighting (Fig. 1). Their general behaviour is quite different from 
that of the sympathectomized cats described by Cannon, Lewis and 
Britton [1926]. 

1 These two operations were done with the help of Dr A. C. Liu in the Harvard Medica 


School. Two other dogs, without previous standardization, were operated on in Belgium 
with the help of Dr A. Samaan and of Dr Z. M. Bacq. 
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EXPERIMENTAL RESULTS 


I. Before sympathectomy. The average heart rate of our animals while 
standing quietly on the treadmill before 
exercise is about 110 beats per min. The DOG ABEL 
respiratory arrhythmia, always present via E 
to a certain degree, varies in any given 
animal from one experiment to another. 2 . 
If the dog's attention is attracted while 
he is waiting to run, the heart rate in- 7 
creases from 100 to 140 beats per min., 
even though he does not move. If the dog 4120 
receives any emotional stimulus, such as 
the peculiar sound which warns him that 
the treadmill is going to start, the heart = 
rate may jump from 100-110 to 180-220 * time IN6" PERIODS 
beats per min. (Fig. 2), although the animal rig. 2. Effect of emotional excitement 
usually remains motionless. For periods of wets. ow before and after sym- 
25-180 min., during light exercise (see 
Table I), the cardiac acceleration is progressive and slight, never 3 
ing the maximal rate recorded after an emotional 8 It usually 


DOG ABEL 
56 KGM/MIN- 


EFORE SYMPATHECTOMY 


2200 

8160 

* 2 

\ 


START 870 
~ TIME IN 6" PERIODS 


Fig. 3. Curves of the heart rate during light work (56 kg.m. per min.) before and after 
sympathectomy. 


ranged from 170 to 200 beats per min. (Fig. 3 and Fig. 4, curve II). The 
respiratory arrhythmia disappears. 

During average exercise a marked and rapid acceleration is 
evident from the beginning. The heart rate reaches 240-260 beats per 
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min. during the first 12 sec., only to drop rapidly and to stabilize finally 
at a rate of about 220-240 beats per min. (Fig. 7, curve II). This sudden 


acceleration at the beginning is probably due to the emotional excitement 


of starting. It is entirely missing in some of the experiments where the 
cardiac acceleration is more progressive. 

During intense exercise a marked acceleration occurs at the start, 
the rate often reaching 240-260 in the first 6 sec. Then the rhythm 
quickens slightly for 1 or 2 min. If the dog is not well trained or if the 
exercise is prolonged, a slow, progressive increase is evitient later on. The 
longer the exercise the more marked the acceleration. For example, in 
dog A, running at the rate of 175 kg.m. per min., the cardiac rhythm goes 
to 260 in the course of the first 6 sec. It fluctuates around 280 during the 
10 min. that follow, rises to 295 after 24 min. and to 300 after 40 min. of 


As Christensen [1931] has already demonstrated in man, this 
phenomenon of gradual acceleration, as exercise is prolonged, is related 
to the degree of training. When the dogs are well trained, within 2-5 min. 
the heart rate reaches a plateau and remains constant for 25-60 min de- 
pending on the intensity of the exercise (see Fig. 4, curve I). Then it rises 
progressively to a maximum of 300-315. The same rise occurs earlier 
when the grade of work is so intense that the dog cannot keep running for 
more than 25 min. Under these circumstances even the heart of a well 
trained dog accelerates progressively all through the experiment. 

If the speed of the treadmill is modified while the dog is running, the 
heart adjusts itself quickly to the change, and the cardiac rhythm 
parallels the speed of the mill. For example, at 60 kg.m. per min., the 
rhythm varies around 185 beats per min., but 6 sec. after the change to 
100 kg.m. per min. the rhythm increases to 240 and reaches 260 after 
1 min. 

As soon as the exercise stops, the heart rate changes rapidly. After 
average or intense exercise, it usually drops suddenly, within the first 
6 sec. after the stop (Fig. 7). When light exercise is ended, there may be 
an increase in heart rate (Fig. 3). In the boredom of easy work the rate is 
stabilized at a low level; stopping work brings new interests and increases 
cardiac stimulation. 

The cardiac deceleration is not always the same after exercises of the 
same degree of intensity. As is clearly shown in Figs. 3 and 7, it is im- 
possible to evaluate the heart rate during exercise by making the record 
after exercise. Even if one succeeds in recording the heart rate a few 
seconds after the stop, deceleration is already in progress, and therate may 
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drop as much as 95 beats per min. in the course of the first 6 sec. This fact 
explains why the figures printed here are so much higher than those 
recorded in experiments where the pulse was taken immediately after 
exercise. Campos, Cannon, Lundin and Walker [1929], for example, 
ha ve recorded 192 as the maximum rate in normal animals. In one instance 
their normal dog E had a heart rate of 120 for exercise of 138 kg. m. for 


ROG ABEL 
AVERAGE CURVES 
I NORMAL , 175 KGM/MIN. 
| 
SYMPATHECTOMIZED,I75 KGMMIN. 


260 i 

2520 

a. 200 
180 

160 


0 5 10 


STOP 
TIME IN MINUTES 


Fig. 4. Average curves for light and intense exercise before and after sympathectomy in 
dog Abel. I=normal, 175 kg. m. per min. II =normal, 60 kg. m. per min. III =sym- 
pathectomized, 175 kg.m. per min. IV =sympathectomized, 60 kg.m. per min. 


145 min., a rate exceeded in our trained dogs during much less strenuous 
exercise. It is only by recording the heart rate during exercise that 
accurate and valid measurements can be made. The rapid deceleration of 
the heart rate in recovery in dogs affords an interesting contrast with the 
delayed return to normal in man, Thus Cotton and Dill [1935] have 
shown that in man there is an average decrease of only 2 beats per min. 
during the first 10 sec. of recovery. Evidently the control of cardiac 
rhythm is extremely labile in the dog. | 0 
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The time needed for the return to resting cardiac rhythm varies, 
depending on the intensity and on the total amount of exercise. The 
respiratory arrhythmia, which is absent immediately after exercise, re- 
appears. Frequently after severe work the cardiac rhythm stabilizes at a 
rate below that preceding exercise (the averages are 110 before, 96 after). 
This is probably due to the fact that the dog is tired, and therefore less 
sensitive to emotional stimuli. 


DOG JOSEPHINE 
AVERAGE CURVES AFTER 
SYMPATHEC TOMY 
1 200 KGM. MIN. 
= 180 1 
160 
E 14⁰ | 
120 
100 
START STOP 


TIME IN MINUTES 


Fig. 5. 
12 200 kg. m. per min. The heart rate rises progressively all through the 25-min. run. 
II 180 kg. m. per min. The heart rate reaches a plateau after 5 min. A secondary 
increase occurs if the experiment is prolonged over 60-90 min. III=100 kg. m. per 
min. IV =56 kg. m. per min. The heart rate never rises above the rate of the completely 


denervated heart. 


II. After sympathectomy the average heart rate of our animals while 
standing quietly on the treadmill is definitely below that of normal dogs; 
before exercise it is about 82 beats per min., after exercise it drops to 70. 
The respiratory arrhythmia varies, but is always more marked than in 
normal dogs. 

Emotional stimuli always produce cardiac acceleration, and the 
heart may jump from 80 to 140-180 beats per min. (Fig. 2). Since this is 
an effect which would result from sympathetic stimulation if the sympa- 
thetic nerves were present, it appears to be a striking example of the 
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reciprocal action of antagonistic influences within the autondnic 


m. | 

During light exercise, there is from the start a variable accelera- 
tion, the heart rate reaching 140-160, which lasts 1 min. and is due 
probably to an emotional factor. Then the cardiac rhythm slackens and 
stabilizes at a level between 120-140 beats per min. (Fig. 3, and Figs. 4 
and 5, curves IV). 

During average exercise, the inating acceleration is rapid during 
the first minute, after which the rhythm remains steady or increases 
slightly if the experiment is of long duration (Figs. 4 and 5, curves III). 


DOG ABEL , SYMPATHEC TOMIZED 


60 KGM 
Gigs * 
180 
80 


0 5 15 
TIME IN MINUTES 


Fig. 6. Biot of changing the opeed of the treadmill oa the heart rte of the eympathocto- 
mized dog. 60 kg. m. per min. [)=125 kg. m. per min. © =185 kg. m. per min. 
During intense exercise, the cardiac acceleration is marked, and 

it appears within the first 6 sec. If the exercise is continued, a secondary 

acceleration occurs. This is slow and progressive, and the more intense or 
the more prolonged the exercise, the more marked is the acceleration 

(Fig. 5, curve I). For example, in dog Josephine running at 150 kg.m. per 

min., the rhythm goes from 100 to 160 in 1 min., reaches 178 after 25 min. 

and 208 after 90 min. In maximal exercise, from 250 to 300 kg.m. per 
min., the dogs make a quick start and work for short periods. The heart 
rate rises suddenly and within 2-5 min. reaches 190-205 beats per min. 

The maximal cardiac rates that we observed 7 weeks to 14 months 
after sympathectomy were between 210 and 230 beats per min. In the 
same dogs before operation, rates of 295-310 beats per min. had been 
reached. 

If the speed of the treadmill is modified during the experiment, the 
cardiac rhythm varies correspondingly. For example, at 60 kg.m. per 
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min. the rhythm is about 150 beats per min. Six seconds after the change 
to 125 kg.m. per min. it reaches 170, and 12 sec. e en nee 
re per min. it increases to 200 (Fig. 6). 

As soon as the exercise stops, the cardiac rhythm changes rapidly. 
After slight exercise it may increase, after average or intense exercise it 
drops suddenly, very often more suddenly than in normal animals. It 
generally goes back to a rate slower than that of the start, and a marked 
reappears. 
| poc ase. 
| NORMAL I 1 
| SYMPATHECTO- | 
MIZED 


* 


START TIME IN 6" PERIODS STOP | 


Fig. 7. Curves of dog Abel normal, sympathectomized, adrenalectomized (one cortex left). 
I=normal, 175 kg.m. per min. II- normal, 100 kg.m. per min. II] =sympathec- 
tomized, 175 kg. m. per min. IV =sympathectomized, 100kg.m. per min. V = adrenalec- 
tomized, 175 kg. m. per min. VI =adrenalectomized, 100 kg. m. per min. 

All these curves show the rapid heart acceleration when exercise starts and the sudden heart 

deceleration when work stops. 


After an initial period of adaptation to light or average exercise, the 
sympathectomized dog attains a steady cardiac rhythm which is about 
30 p.c. below that of the normal dog (Figs. 3, 4 and 7). In very intense 
exertion the heart rate in the sympathectomized dog may increase 
throughout the entire period but at exhaustion is 40 p.c. below the normal 
maximum. 

Three months after the operation the heart rate remains slow but the 
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capacity for work is virtually normal. Average and intense exercise done 
by our sympathectomized animals equals or surpasses the maxima 

performance of many normal dogs used by Campos, Cannon, Lundin 
and Walker [1929]. The exercise is accomplished without effort, the 
muscular co-ordination is faultless. The animals are not short of breath 
and show no more signs of fatigue than before. The maximal duration of 
intense exercise is shortened for 6-8 weeks after the operation, but this 
seems to be due to lack of training. It should be remembered that, in 
order to complete the sympathectomy, the dogs remain without regular 
exercise for at least 6 weeks with inevitable loss of training, This is proved 
by the fact that within the first 2 weeks of daily running the capacity of 
our dogs for intense exercise lengthened considerably. For example, it 
increased from 3 to 25 min. at 175 kg.m. per min. 

In order to make sure that the cardiac acceleration is not due to the 
regeneration of sympathetic fibres to the adrenal glands, we removed one 
of the adrenals and demedullated the other. After a few weeks of training 
the dog was able to repeat his preceding performances and the heart rate 
was the same as before (Fig. 7; compare curves III and IV with curves V 
and VI). We also removed the inferior cervical sympathetic ganglia 
which eventually might have sent fibres to the heart. Such regrowths 
have been observed by Rosenblueth (personal communication). The 
operation wasdone by carefully separating the sympathetic fibres from the 
vagus nerve and by isolating the ganglia. About 2 weeks after that opera- 
tion the dogs were able to run as before and cardiac acceleration still 
occurred, 
In two dogs, occlusion of the two carotids below the carotid sinus 
under urethane anzesthesia did not produce any cardiac acceleration, nor 
did electrical stimulation of the central end of somatic afferent nerves. 
If there were any growth of sympathetic fibres, either of these types of 
stimulation would cause the heart to accelerate. Furthermore, the sec- 
tion of the two vagi was followed by a permanent cardiac acceleration, 
which stabilized at 130-132 beats per min., as it does in a dog with a com- 
pletely denervated heart. This figure would be higher if sympathetic 
nerve fibres were still present. 

During exercise the rectal temperature of the sympathectomized dogs 
shows normal variation. For example, in the normal dog Abel after a 
60-min. run at 150 kg.m. per min. the rectal temperature increased from 
38-6 to 40-4°, the room temperature being 16°. After sympathectomy, 
under the same conditions the temperature rose from 38-9 to 40-5°. As 
was shown by Dill and co-workers [1932], in the normal dog, if the room 
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temperature is high and if the dog’s temperature continues to rise, there 
is a decrease in the heart rate. This phenomenon occurs also after sym- 
pathectomy. In dog Josephine running for 6 min. at 200 kg.m. per min. 
with the room temperature 16°, the dog’s temperature reached 39-7° and 
the heart rate 194 beats per min. During a run twice as long, with the 
room temperature at 32-335, the dog’s temperature rose to 41-5°, but the 
heart rate did not exceed 180. 

The fact that the body temperature does not play an important part 


in the mechanism of cardiac acceleration is also shown by experiments in 


which the room is gradually cooled while the dog is running. In one case 
the dog’s temperature rose to 40- 1° after 25 min., the heart rate being 195. 
After 50 min., the dog’s temperature dropped to 39- 85 but nevertheless the 
heart rate reached 210. 

The sugar and lactic acid content of the blood, and the alkali reserve 
were examined and showed normal variation. These results will be 
developed in a later publication. 

These experiments demonstrate that after sympathectomy: 

(1) The dogs show cardiac acceleration as a result of emotional 
excitement. 

(2) They are able to take light exercise with little cardiac acceleration. 

(3) Six to eight weeks after the operation they are able to take average 
exercise with the same facility as before the operation. a 

(4) Three months after the sympathectomy, they can stand intense 
exercise for as long a period of time as before the operation. 

(5) They can do it in spite of the fact that during average or intense 
exercise their cardiac acceleration is always definitely less than that in 


normal dogs. The mean curves are alike in pattern, but those of the 


sympathectomized dogs are 30-40 p.c. below those of the normal dogs. 
(6) The sugar and lactic acid content of the blood, the alkali reserve, 
and the body temperature vary within normal limits. 


Discussion 


Examination of the curves obtained by Samaan from dogs with both 
thoracic sympathetic chains removed and both splanchnics cut, shows 
that these animals have a relatively low increase of the heart rate during 
exercise. 

For light exercise our results are similar to those of Samaan, as shown 
in Fig. 3, but for average or intense exercise they differ greatly. We esti- 
mate from his data that after complete sympathectomy dog G ran for 
9 min. at the rate of 124 metres per min. at an angle of 8-5°. Using 
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Slowtzoff’s data, we estimate that this is equivalent to 131 kg. m. per 
min. During the last half-minute of work, the heart rate was 120, while our 


dogs doing slightly less intense work have rates varying from 195 to 202. 


Even in the period from 24 to 60 sec. after such work has stopped, the 
rates range from 110 to 135. The maximal endurance tests indicated that 
after the cardio-accelerator sympathetic innervation was removed 
Samaan’s dog H or K (series V) could perform an amount of work 
8-8} times as much as its standard—compared with 3-3} before 
the operation. On three other dogs (series VII) both the cardio- 
accelerator and the splanchnic innervation were removed. Determina- 
tions of the maximal endurance show a definite increase of 
the capacity comparable with that observed in series V. 

We find no evidence of an increased capacity for work; on the con- 
trary, the capacity for long-continued intense work is decreased for 
6 or 8 weeks after the operation, returning to normal in about 3 months. 
The feature of Samaan’s experiments most difficult to understand is the 
association of normal or increased capacity for work with a heart rate 
two-fifths the normal maximum. This implies for the sympathectomized 
dog either (a) an increased efficiency, (b) an increased oxygen utilization, 
(e) an increased stroke volume, or (d) some combination of (a), (b) and (o). 
The improbability of these assumptions leaves one with some doubt as to 


the accuracy of the observation that it is possible to have a simultaneous 


increase of three times in capacity for work and a limitation of the heart 
rate to two-fifths its maximal value. In our experiments on totally 
sympathectomized dogs, we found a normal capacity for work but the 
heart rate during average or intense exercise increases and reaches about 
two-thirds of what it was before the operation. 
The question remains, what factors produce the acceleration of the 
heart in sympathectomized dogs? 
We know that a change in body temperature is not the explanation, 
because cardiac acceleration is evident even when there is no rise in tem- 


perature. Nor is it a question of eventual muscular metabolites since there 
is evidence that these do not themselves make the heart beat faster 


(Cannon, Linton and Linton, 1924], and even if they did, the accelera- 
tion starts too soon after exercise begins to be explained thereby; and 
furthermore it appears without exercise as the result of emotional excite- 


ment. Nor is it due to adrenaline because the adrenals are inactivated or 


removed with the exception of one cortex. Nor is it a question of peri- 


pheral liberation of sympathin, because the sympathetic nervous inn 
is completely disconnected from the central nervous system. 
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Although the decrease of the tonicity of the cardio-inhibitor fibres of 
the vagi may explain the phenomenon in part, this factor does not explain 
acceleration as great as 135 beats per min. In fact, in the absence of 
cardio-accelerator nerves, total suppression of the cardio-inhibitor tonicity 
by section of the two vagi is accompanied in both normal and sympa- 
thectomized dogs by the heart’s taking up an inherent rhythm, the maximal 
rate being 130-140 beats per min. Nevertheless in our running sympa- 
thectomized dogs it reaches 210 and even 220 beats as early as 6 weeks 
after the operation. 

The problem is clarified if one considers that Jourdan and 8 
[1934] demonstrated in dogs the existence of cardio- accelerator fibres 
coming from the mesencephalon, leaving the brain by the vagus and going 
down to the vago-sympathetic trunk. These fibres are not touched by 


_ sympathectomy. The same authors have shown that these fibres are put 


into action during asphyxia. They may be responsible for the cardiac 
acceleration which occurs in our sympathectomized dogs during emotional 
excitement and exercise. 

Experiments that we have performed by injecting atropine indicate 
that this explanation is probably valid. Injection of atropine sulphate 
(0-2 mg. per kg.) into unanesthetized, sympathectomized dogs with the 
vagi intact is followed by an acceleration of the heart, the rate reaching 


210-230 beats per min. Under urethane anmsthesia, after section of both 


vagi in the neck, the heart rate stabilizes at about 130 beats per min., and 
the injection of the same dose of atropine produces no effect: the heart 
rate remains constant. If the vagi are now stimulated, the heart rate in- 
creases considerably. In one dog the rate reached 230 beats per min., the 
maximum that had been previously obtained on injecting atropine when 
unanesthetized, the maximum also that was obtained by intense exercise 
of long duration. From this we may conclude that double vagotomy 
suppresses some accelerator mechanism which comes into play under the 
influence of atropine when the vagi are intact.’ It is therefore probable 
that the cardiac acceleration which occurs during exercise is due to a 
decrease of vagal cardio-inhibitor tonicity, and to an increase of vagal 


cardio- accelerator tonicity. The action of the cardio-accelerator fibres of 


the vagi does not of course disappear after sympathectomy. On the 
contrary, it seems to play a role which increases progressively after the 
operation. 

Our results confirm and broaden those of Bacq, Brouha, ae 


oe Samaan’s use of atropine to suppress vagal impulses in dogs deprived of sympathetic _ 
cardio-accelerators obviously did not complete the denervation of the heart as he supposed. 
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Heymans [1934]. The dog whose sympathetic ganglionic chains have 
been completely removed returns to a normal state of behaviour as 
regards muscular exercise. In spite of the fact that cardiac acceleration 
is markedly diminished during exercise, these animals are capable of 
intensive work. 

According to Cannon and his co-workers [1929], if a sympathecto- 
mized animal is confronted with a critical situation, “there would be 
. . . no marked splanchnic vaso-constriction with consequent 
rise of blood pressure and faster blood flow, no great accelera- 
tion of the heart, no shifting of the circulation to benefit the 
contracting muscles”. This conclusion, in so far as the heart rate is 
concerned, does not apply to sympathectomized dogs, working under 
the conditions above described. 

Since the heart acceleration is only 70 p.c. of the normal during average 
and intense exercise, it would appear as if the increased output is fully 
supplied by increased stroke volume (Starling’s law), although the 
possibility of increased oxygen utilization is not excluded. 

The body temperature and the blood sugar, being normal, indicate 
furthermore that the sympathetic nervous system and the adrenal 
medulla do not play an essential role either in thermal regulation or in the 
liberation and utilization of glucose when the animal is running steadily. 


SUMMARY AND CONCLUSIONS 


1. The general behaviour of the dog whose sympathetic chains have 
been completely removed remains normal. 

2. The cardiac rhythm of the inactive sympathectomized dog is less 
than that found in the normal animal. 

3. Emotional excitement produces definite cardiac acceleration. 

4. If the dog takes light exercise, the cardiac rhythm remains below 
the intrinsic rate of the denervated organ, even during a long experiment 
in which the total amount of exercise is considerable. 

5. When the exercise is more intense, cardiac acceleration occurs in 
proportion to the intensity of the exercise. 

6. The capacity to stand very intense exercise is not diminished. Due 
to lack of training, there is a lessened capacity for prolonged exercise 6 to 
8 weeks after the operation. 

7. Cardiac acceleration is not due to a rise in body temperature, 
nor to muscular metabolites, nor to secreted adrenaline, nor to 
sympathin. 
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8. Cardiac acceleration seems to be due to a reduction in the tonicity 
of the cardio-inhibitors of the vagi and to an increase in the tonicity of the 
vagal cardio-accelerators of the dog. 

9. The sugar and lactic acid content of the blood, the alkali reserve, 
and the body temperature vary within normal limits in the n 
sympathectomized dog. 


REFERENCES 
Bac q, Z. M., Brouha, L. and Heymans, C. (1934). Arch. int. Pharmacodyn, 48, 429. 
Boas, E. P. (1928). Arch. intern. Med. 41, 403. 
Campos, F. A. de M., Cannon, W. B., Lundin, H. and Walker, T. T. (1929). Amer. J. 


Physiol. 87, 680. 
Cannon, W. B., Lewis, J. T. and Britton, 8. W. (1926). Ibid. 77, 326. 


Cannon, W. B., Linton, J. R. and Linton, R. R. (1924). Ibid. 61, 153. 


Cannon, W. B., Newton, H. F., Bright, E. M., Menkin, V. and Moore, R. M. (1929), 
Ibid. 89, 84. 

Christensen, H. (1931). Arbeitephysiol. 4, 453. 

Cotton, F. S. and Dill, D. B. (1935). Amer. J. Physiol. 111, 554 

Dill, D. B., Edwards, H. T. and Talbott, J. H. (1932). J. Physiol. 71, 49, 

Jourdan, F. and Nowak, S. J. G. (1934). C. R. Soc. Biol., Paris, 117, 234. 

Samaan, A. (1935). J. Physiol. 83, 313. 


Slowtzoff, B. (1903). Pfligers Arch. 95, 158. 


PH. LXXXVU. 24 


4 4 > 
; f ‘ 
| 
We 
. 
of 
bo- | 
a 
— 
| 
y — 
j 
88 
7 
* . 
to 
* 
> 
8 
— 


612.321.2:612. 332.8 


THE ROLE OF DUODENAL REGURGITATION IN 
THE AUTOMATIC REGULATION OF THE 
GASTRIC ACIDITY? 


By CHARLES BOLTON anp GORDON W. GOODHART — 


(From the Pathological Department of University College Hospital 
Medical School, London) 


(Received April 6, 1936) 


Tun Ai of the gastric contents is automatically regulated during 
digestion by the interaction of several factors, which maintain such a 
balance between acid and alkali that the resulting acid curve runs a 
course determined by the relative influence of tlie component factors at 
the various periods of digestion. : 

The value of curves obtained by a test meal lies in the possibility of 
interpreting them at each phase of digestion in terms of these component 
factors; for in this way information may be obtained as to the complex 
of physiological processes giving rise to them. Unless this information is 
available in the normal individual it is quite impossible to understand 
what pathological processes are responsible for producing the complicated 
curves obtained by the clinical test meal. 

The method we have used of solving this problem has been to in- 
vestigate these factors as isolated phenomena in the first instance, and 
then in combinations of increasing complexity; and this communication 
deals with a further series of experiments in continuation of a study of this 
subject which we have been making in this way. 

In two previous communications we were able to establish the following 
facts. As regards the capacity of the organism to vary the acidity of the 
gastric juice during secretion, it was proved that no mechanism whatever 
exists whereby the acidity of the gastric juice may be so modified as to 
influence this automatic regulation process. When the juice is secreted 
into the empty isolated stomach in very small amounts such as is seen at 
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the end of a meal or in some fasting stomachs its acidity falls by neutrali- 
zation with mucus inversely as the velocity of secretion and remains 
constantly at this level if the rate of secretion is constant [Bolton and 
Goodhart, 1931]. 

As regards the interaction of gastric mucus with gastric contents of 
varying amounts and acidity, it was found that in the isolated non- 
secreting stomach the mucus produces very little neutralization effect 
upon an introduced solution of HCl, unless the amount of the latter is 
small (less than 10 c.c. in the cat); by gradually reducing the amount of 
fluid below this level a falling curve of acidity may be obtained, and 
finally when the stomach is emptied the surface of the mucous mem- 
st becomes alkaline in about 25 min. [Bolton and Goodhart, 

933] 

Having thus determined the neutralizing effects of mucus upon the 
gastric juice during secretion into the empty stomach, and upon acid 
fluids in the quiescent stomach, the present communication deals with a 
study of the neutralizing effects of mucus upon the diminishing contents 
of isolated stomachs which are secreting gastric juice; and of a comparison 
of the acid curves so obtained with those from stomachs in which the 

pylorus was left open and duodenal regurgitation allowed to occur. 


EXPERIMENTAL 
Cats were used as the experimental animals, and for all details of the 
preparation of the experiment and chemical analysis of the gastric con- 


tents the reader is referred to the two above-mentioned communications. 


The stomach was isolated from the rest of the alimentary canal by liga- 
ture of the cardia and pylorus in one series of experiments; and in the 
other series the pylorus was left open, the cardia only being ligatured. 
The fluid representing gastric contents was introduced into the stomach 
through the side tube of a glass cannula which also served to withdraw the 
fluid every half or quarter hour in order to measure it and reintroduce 
diminishing amounts; the emptying of the stomach at different rates 
could thus be imitated in those cases where the stomach was completely 
isolated, for comparison with those in which the pylorus was left open. 
After introduction of the fluid into the stomach the secretion of gastric 
juice was excited by pilocarpine, which produces a wave of secretion like 
that resulting from a test meal in the conscious animal. Pilocarpine also 
excites the movements of the stomach and empties it when the pylorus 
is open. In this way we obtained curves of acidity depending upon the 
interaction of three factors in the isolated stomach; secretion of gastric 
24—2 
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juice, mucus, and diminishing volume of gastric contents. The experi- 
ments in which the pylorus was left open introduced a fourth factor, that 


is to say, regurgitation from the duodenum. 


I, NEUTRALIZATION EFFECTS IN THE ISOLATED STOMACH SECRETING 
INTO DIMINISHING CONTENTS 


The animal having been prepared, a measured volume of distilled 
water was introduced into the stomach, and pilocarpine nitrate gr. 1/3 
injected subcutaneously. Reference to the first paper quoted above will 
show that the volume curve of gastric secretion thus produced rises up to a 
peak which is attained in half an hour after injection in the majority of 
cases; it then subsides more slowly than it has arisen, and after 14 hours 
it dribbles at the rate of a fraction of a c.c. each period of collection, 
continuing in this small amount for a varying time. In a small number 
of animals the peak of maximum secretion is not thus sharply marked, 
and the amount of juice obtained is small. It is essential to keep this 
varying velocity of secretion in mind when interpreting the experimental 
curves to be described. There are two groups of experiments; in the first, 
samples from the contents of the whole stomach were used for estimation, 
and in the second the stomach was divided into two parts, the contents of 


_ each being analysed separately for comparison. 


Group I, Whole stomach (thirty-seven experiments) 
In this group are three series of experiments: (1) the stomach was 
completely emptied at intervals and the contents mixed, measured 
amounts being reintroduced ; (2) the same procedure was adopted, but the 
secretion of gastric juice was arrested by atropine at a certain stage of the 
experiment; (3) the stomach was not emptied but samples withdrawn at 
intervals from the fundus and pyloric ends separately. 


(1) Contents of the whole stomach (fourteen experiments). 

During the early period of digestion with a normal secretion the 
neutralization process plays no part in the formation of the curves; any 
effect of mucus is completely overshadowed by the rapid secretion of 
gastric juice and by the diminishing contents of the stomach, which two 
factors entirely determine the form of the curves at this time. During this 
period both total Cl and total acid curves rise steeply until the secretion 
has markedly diminished and is represented by a slow residual flow; at 
this stage the curves diverge, the total Cl curve continuing to rise and the 
total acid curve lagging behind. Neutralization by mucus has now come 
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Fig. 1. Cardia and pylorus tied. Tube in stomach. Slow rate of emptying. 40 c.c. distilled 

water in stomach. Total chloride. Total acid. | 
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Fig. 2. Cardia and pylorus tied. Tube in stomach. 40 c.c. distilled water in stomach. 
Rapid rate of emptying. e«——e——e Total chloride. e-—-e——-e Total acid. 
o———o——o Neutral chloride. 
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into play, this action of mucus being rendered possible by the greatly 
decreased velocity of the secretion of gastric juice and by the smaller 
volume of gastric contents, The curve of inorganic chloride which has 
hitherto been at zero rises in proportion to the lag in the acid curve and is 
a measure of neutralization. During the rise in the curves the acid curve 
is a trifle lower than the total Cl curve, but they follow the same course, 
and the steepness and height of the rise of both depend upon the rate of 
secretion and on the rapidity of emptying of the stomach. Although the 
chief of these two factors is the rate of secretion, the curve may be 
retarded or accelerated by slowing or speeding up the rapidity of emptying 


Fig. 3. Cardia and pylorus tied. Tube in stomach. 40 C. o. distilled water in stomach. Same 
rate of emptying as in Fig. 2 but with small secretion. Symbols as in Fig. 2. 


(Figs. 1, 2). The secretory curve of the gastric juice is represented by the 
total Cl curve, the acid curve representing the balance between acid and 
alkali. Whilst the total Cl curve is thus rising the secretion is continuing, 
and a rise in the acid curve also means secretion of gastric juice; but a lag 
or a fall in the acid curve indicates neutralization provided that the total 
Cl is rising, or remains stationary. The final height of the total Cl curve 
depends upon the rate of emptying; in slowly emptying stomachs it ends 
at 0-09--0-1N (0-32-0-36 p. c.), and in rapidly emptying ones at 0-12—0-14N 
(0-43-0-45 p. c.) within the time limits of our experiments; when the 
secretion is small it is always below 0-1N (0-36 p. o.), commonly 0-04 
0-05N (0-14-0-18 p.c.) (Fig. 3). The divergence of the curves as indicating 
neutralization begins in about 1} hours at the time when the flow of 
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gastric juice is at a low ebb. The essential factor which allows this 
neutralization effect of the mucus to become manifest is the fall in 
amount of gastric juice secreted. The volume of gastric contents present is 
of considerable importance, for it was shown that the gastric mucus was 
unable materially to lower the acidity of volumes of acid fluid above 

about 10 c. o. As the volume diminishes below this, the area of neutralizing 
mucous membrane becomes relatively greater and the acidity falls cor- 
respondingly. Notwithstanding this fact, however small in amount the 
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Fig. 4. Cardia and pylorus tied. Tube in stomach. 80 C. o. distilled water in stomach, 
Rapid emptying, showing neutralization effect of mucus on small amount of contents. 
Symbols as in Fig. 2. 
gastric contents may be, the acid curve continues to rise until the secre- 
tion is coming to an end. On the other hand, with volumes of 30 c. c. a 
slight lag may begin in the acid curve, more particularly when the secre- 
tion is small. This divergence of the curves, when both are rising, is the 
first sign of neutralization. As the secretion of gastric juice is reduced and 
the contents diminish in volume, the neutralization effect increases and 
the curves diverge more and more. The total Cl curve continues to rise 


by smaller and smaller amounts, but in most cases the last reading is the 


highest within the limit of time of our experiments. The acid curve, on 
the other hand, stops rising and may become horizontal (Fig. 4). When 
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the contents have been diminished down to 2 c.c. the acid curve may fall 
slightly by about 0-01N, but otherwise it remains horizontal. At this 
stage the stomach is empty. There is no fall whatever in the acid curve in 
the later stages except such an insignificant one as described here. The 
difference between the total Cl and the total acidity represents the amount 
of inorganic chloride, which has been formed during neutralization and is 
a measure of it. This is not strictly true in the animals with a very small 
secretion, and in these cases the divergence in the curves occurs earlier 
than usual and is more marked, the inorganic chloride being in excess. 
This excess of inorganic chloride is not entirely due to neutralization, for 
when the percentage of total Cl is low it is added to by the chloride in the 
mucus. We have shown this to be the case in the neutralization of HCl 
of different strengths in the stomach. 


(2) Secretion stopped by atropine (nineteen experiments). 


If the above interpretations be correct an arrest of the secretion of 
gastric juice should exaggerate the neutralizing effect of mucus and alter 
the curves accordingly. On putting this deduction to the test of experi- 
ment it proved to be correct. It is quite a simple procedure to stop the 
secretion at any time required by the subcutaneous injection of atropine 
gr. 1/2, which puts an end to the secretion within half an hour. At this 
point there is left inthe stomach a solution of HCl which is to be neutralized 
by mucus; and now the same result should be achieved which we have 
described as occurring on the introduction of an acid fluid into the isolated 
resting stomach ; that is to say a reduction of acidity in accordance with 
the volume of fluid in the stomach and a rise in the total Cl. The atropine 
was injected at the end of the first half hour, and at the end of the next 
half hour the rise in the curves was arrested. The subsequent course of 
the total Cl and acid curves depends entirely upon the amount of fluid in 
the stomach at the time when secretion is arrested, and upon the rate at 
which this amount is being reduced. If the contents amount to more than 
10-20 c. c. in volume, both curves draw a horizontal line till this volume 
has diminished (Fig. 5); then the acid curve begins to fall and the total Cl 
to rise. The abruptness of this descent and ascent depends on the rate of 
reduction in volume of the contents; and the level to which the acid 
curve falls depends upon the volume of fluid finally remaining in the 
stomach (Fig. 6). This final level of the acid curve when the last 2 c.c. 
have been extracted is about 0-02 or 0- O3 V; and after the stomach is thus 
emptied the fluid clinging to the mucous membrane becomes alkaline in 
about 30 min. The final level of the total Cl with such a small amount in 
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the stomach is 0-09-0-12N (0-32-0-43 p. c.). The percentage of chloride in 
mucus is 0-12-0-13N (0-43-0-46 p. o.), occasionally a little below or above 
this level. When solutions of HCl of a percentage below this are neutralized 


Extracted e. e. 30 345 28 225 17˙5 


— 


. 


.2822223-{ 


Hours 0 14 2 27 

Fig. 5. Cardia and pylorus tied. Tube in stomach. 40 0. c. distilled water in stomach. 

Secretion stopped by atropine; contents large in amount; emptying slow. Final rise of 
chloride due to mucus, Symbols as in Fig. 2. 
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Fig. 6. Cardia and pylorus tied. Tube in stomach. 30 C. o. distilled water in stomach. 
Secretion stopped by atropine; contents small in amount; emptying rapid. Final rise 
of chloride due to mucus. Symbols as in Fig. 2. 

by mucus the total Cl rises as the total acidity falls. This increase in total 

Cl percentage has given rise to the idea that a neutral chloride solution is 

secreted by the stomach which dilutes the acid. Observers who have 

described this secretion of neutral chloride solution have thus fallen into 
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the error of mistaking the chloride already present in nen 


chloride secretion. 


(3) Examination of the contents of the fundus and pyloric end separately 
(two experiments), 

In our first paper referred to we concluded that the secretion from the 
pyloric portion of the stomach played a precisely similar part in the 
neutralization process to that of the general mucus secretion of the body 
of the stomach. Nevertheless, the pyloric portion secretes no acid, so that 
the acidity of its contents is derived from the fundus and depends upon 
the mixing movements of the stomach and upon the diffusion of HCl. It 
is quite clear that this process is more easily accomplished when the 
contents consist of water only than when they are partly solid. This 
mixing function of the stomach is clearly, therefore, a factor to be dealt 
with in the study of the neutralizing capacity of the stomach. This function 


may be investigated by analysing separate samples from the fundus and 


pyloric end at the same time, and the stomach of the cat is particularly 
well adapted for this kind of éxperiment, since the pyloric portion of the 
stomach of the cat is well marked off from the body. Two tubes were 
introduced through the cork of the glass cannula placed in the isolated 
stomach, one into each portion of the stomach, through which a sample of 
gastric contents was withdrawn each half hour. 40 c. c. of distilled water 
were introduced into the stomach, and the secretion of gastric juice was 
then excited by pilocarpine. The same type of curve was obtained from 
each portion of the stomach in both experiments. The experiments were 
carried on till the stomach was emptied, and in each case the two curves 
climbed steadily to the end. The percentage of total Cl in the specimens 
obtained from the fundus was on the whole a little higher than that of 


specimens simultaneously removed from the pyloric end, but the acid 


percentage showed no material difference in the two cases (Fig. 7). The 
mixing capacity of the stomach thus masked any difference in the 
neutralizing power of the two portions of the stomach. The mixing power 


of the human stomach dealing with the gruel meal is almost as good as this, 


and if duodenal regurgitation is not occurring at the time the curves from 
each end of the stomach are of the same type and gradually climb; if, 
however, duodenal regurgitation occurs the acid curve taken from the 
_ pyloric antrum shows an abrupt fall, but the curve from the fundus shows 
a less effect or even none at all [Ellison, 1925; Roberts, 1927]. It is 
self-evident that the volume of fluid in the stomach is a factor influencing 
the effect of duodenal regurgitation on the fundus contents; and in the 
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experimental animal at a favourable moment one may see bile-stained 
fluid from the pyloric end passing into the unstained contents of the 
general body, but later on when smaller amounts are present in the 
stomach the whole contents are uniformly stained and regurgitation makes 
no difference to the colour. The two factors in the neutralization process, 
mucus and duodenal regurgitation, are here shown to be quite different 


in the results they produce. The first portion of the contents to be 


neutralized by duodenal regurgitation are those of the pyloric antrum, and 
the effect has to spread into those of the fundus. Mucus produces a very 
slow and constant effect throughout the whole stomach simultaneously. 


* 


Hours 0 13 2 

Fig. 7. Cardia and pylorus tied. Tube in fundus; tube in pyloric region. 40 c. c. distilled 
water in stomach. 2 c. 0c. removed every } hour from each tube (only 3 hour samples 
charted). . Total chloride from fundus. Total acid from fundus. 
o——o——o Total chloride from pylorus. o---o---o Total acid from pylorus. 


Group II. Divided stomach (ve expervments) 

In order to obtain more precise information as to the importance of the 
pyloric mucous membrane in the neutralization process we have divided 
the stomach into two compartments. The cannula with side tube having 
been introduced, the stomach was divided into two parts by a ligature, so 
that the cannula communicated with the pyloric portion and the part of 
the stomach attached to it. A piece of glass tubing passing through the 
cork of the cannula was included in the ligature dividing the stomach, 


so that its end projected into the isolated portion of the body; the other 


end projecting outwards through the cork thus afforded access to this 
isolated portion (Fig. 8). 
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Fundus isolated by ligature, | 
containing fluid 


Cardia ligatured 
Fig. 8. Illustrating division of stomach into two compartments and manner of access to 
each. 


fundus o. c. 6 12 10 10 


Fig. 9. Cardia and pylorus tied. Body isolated from pylorus by ligature. 40 c.c. distilled 


Se Usual climbing curve in body. Symbols as in 
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(i) Ligature at junction of pyloric portion and body. | 
40 c.c. water were introduced into the body and 6 c.c. into the pyloric 

portion. Samples were removed every half-hour. No acid was present at 

any stage in the pyloric contents. The curves from the body showed a 


similar shape to those from the whole stomach, the emptying being of 


about the same rate. The divergence due to neutralization was about the 
same, certainly no less; so that the exclusion of the pyloric portion made 
no material difference in the neutralization process (Fig. 9). 


8 = 


* Cardia and pylorus tied. Two-thirds of body isolated by ligature. 20 0. o. distilled 
water in isolated body; 20 c.c. in remaining one-third of body and pylorus. Marked 
difference in neutralization in the two cases. Total chloride in body. 
. Total acid in body. o——o——o Total chloride in pyloric part. 
o----o-—-~o Total acid in pyloric part. 


(2) Ligature one-third of the distance from the pyloric end. 


In this experiment two-thirds of the fundus was isolated and one- 
third left communicating with the pyloric portion. 20 c.c. water were 
placed in each segment. A definite influence on neutralization is seen 
here, the pyloric secretion having to deal with only about one-third of the 
total gastric juice secreted. The fundus curves climb high as usual, but 
the curves of the pyloric portion are much less steep. The total Cl curve 
of the isolated fundus portion is finally 0-051N above that of the pyloric 
portion, and the fundus acid curve is 0-076N above the pyloric acid 
curve. The divergence of the latter is 0-04N as — with 0-016N 
of the former (Fig. 10). 
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(3) Ligature at the centre of the body. 7 

The body was divided as accurately as possible into two 1 ite 
so that half the fundus was isolated and half left communicating with the 
pyloric portion of the stomach. 20 c.c. water were placed in the latter 


segment and 16 c.c. in the former. The curves from these two portions _ 


follow each other closely. They are exactly the same shape with this 
difference, that both the total Cl and acid curves of the isolated fundus. 
are respectively about 0-01N above the curves from the pyloric portion 
and body (Fig. 11). The inclusion of the pyloric portion has made some 


fundus 
pyloric end 
0090 
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0030 
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0-010 
en. ‘Half body isolated by ligature. 
in remaining body and pylorus. Usual climbing curve from both parts, the pyloric 

._ . @arve being slightly lower. Symbols as in Fig. 10 ‘ 


difference in the neutralizing process, but its influence has not been great. 
The pyloric mucous membrane thus acts as a neutralizing factor in the 
same way as the rest of the. gastric mucous membrane, and no other 
special function in this respect can be attributed to it. However, it 
differs in having the negative property of not secreting any acid. , 
Its influence is definite, and it is undoubtedly an advantage from the 
neutralization point of view to have a portion of the stomach adjacent to 
the duodenum in which acid is not secreted. Taking the mucousmembrane 
of the stomach as a whole, its alkaline secretion lowers acidity in a gradual 
and constant manner; but this effect is only of importance when quite 
small amounts of residual gastric contents are present and the secretion of 
gastric juice has stopped or is continuing in small quantities only. 
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II. NEUTRALIZATION EFFECTS IN THE STOMACH WITH AN | 

OPEN PYLORUS __ 
The cardia was ligatured, a glass cannula with side tube inserted into 

the stomach, and the same preparations made as in the former experi- 

ments except that the pylorus was left open. Since pilocarpine stimu- 

lates the movements of the alimentary canal as well as the secretions, it 


was postulated that a condition of affairs analogous to the movements 


and secretion of the stomach during digestion would be obtained. Water 
was used as a test meal in some of the experiments, but it is difficult to 
determine the point at which the stomach has evacuated it, and to say 
after a time whether the mixture of gastric juice and mucus extracted 
contains water or not. The gruel test meal as used in clinical medicine was, 
therefore, selected, since it can easily be ascertained whether the gruel 
had left the stomach or not by testing the contents extracted for starch. 
It was, moreover, soon apparent that regurgitation of the duodenal 
contents occurred regularly into the stomach as a link in the chain of 
events resulting from the action of pilocarpine. This section of our . 
will, therefore, be considered under the following headings 
(1) Emptying of the stomach under pilocarpine. 1 
(2) Total Cl curves with using the gruel 
(3) Total Cl and acidity curves with open pylorus. 

(4) The regurgitated fluids: 
(a) Simultaneous curves obtained from the stomach and ves 
denum. 


(5) The composition of the duodenal fluids. 


(1) Emptying of the stomach under pilocarpine. 

The stomach was emptied through the cannula every half-hour, the 
contents were measured and 2 c.c. retained for analysis, the remainder 
being replaced in the stomach. Each specimen was tested for starch 
throughout the experiment, its presence indicating that the stomach was 
not yet empty. The stomach commenced to empty rapidly; 80 c.c. were 
initially introduced, and after a quarter of an hour an average of 46 c.c. 
were left. Subsequently the emptying process became slower and in about 
E Ik hours regurgitation from the duodenum commenced as shown by 
the presence of bile in the gastric contents, which at first were yellow and 
later green. This tended to slow up the emptying, and the amount some- 
times would remain stationary for a time, the contents appearing to be 
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shot backwards and forwards. On one or two occasions bubbles of gas 
regurgitated. The regurgitation was due to antiperistaltic waves which 
could be seen on watching the duodenum, and if the pylorus opened be- 
fore an antiperistaltic wave a gurgling sound announced the regurgitation 
of fluid. The amounts extracted from the stomach in three experiments 
showing various rates of emptying are as follows: 


Amount introduced 80-0 c. o. 80 0. co. 80 0. o. 

After + hour 24-0 0. o. 55 b. o. 41 0.0. 
hour 6-0 c. c. bile 18 0.0. 26 c.c. bile 
1} hours 4-5 o.c. bile 16 c.c. bile 21 o.c. bile 
12 hours 5-0 c.c. bile 10 0. 0. bile 20 0. 0. bile 
hours 4-0 c. c. bile 9 c.c. bile 14 c. c. bile 
hours — 6 0. c. bile 15 0. c. bile 

3 hours a — 5 0.0. bile — 

(2) Total Cl and acidity curves with closed pylorus using 

the gruel test meal (four experiments). 


In the first instance we ascertained the total Cl and acidity curves 
with the gruel meal in the isolated stomach with closed pylorus. We did 
this in order to obtain controls for the experiments with open pylorus, — 
since in the experiments of this kind we have hitherto described water 
was used as the test meal. The gruel curves are in substantial agreement 
with the water curves, except that the divergence is apt to be less wide, 
both in the early and late stage, so that the neutralization effect of mucus 
is a little less evident in the case of the gruel meal. ) 


(3) Total Cl and acidity curves with open pylorus. 
(a) Whole stomach (gruel meal) (seven experiments). 

Both curves rise steeply as when the pylorus is closed. The total Cl 
curve continues to rise and climbs but tends to become more horizontal 
as the stomach empties towards the end; the total acid curve shows a lag 
which causes a definite divergence at 1 hour. It may stop rising at this 
point or rise more slowly to 1} hours, but in either case it then begins to 
drop and slowly falls farther, or pursues a horizontal course (Fig. 12). In 
four of the seven cases it stopped at 0-07-0-072N, in two at 0-08N and in 
three at 0-095N. The height was independent of the height of the total CI 
reading at the time, A lag might occur before bile was evident in the 
stomach contents, but where it was definitely present an immediate fall 
occurred.of 0-01-0-015N, a peak resulting in five experiments. When the 
stomach was empty the acid curve stood at 0-01-0-015N below the point 
at which it stopped climbing, and in two curves remained at the same 
level. The percentage of neutral chloride in the stomach contents in the 
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last specimen was from 0-045 to 0-08N (0-16~-0-28 p.c.). In each specimen 
from start to finish starch was present, and when bile had once appeared 
it persisted. As described above, the stomach emptied rapidly in the 
early periods, and when the drop in acidity occurred the amounts present 
in the stomach varied from 6 to 26 c.c. with an average of 16 C. c., so that 
the amount of contents did not determine the time of regurgitation. 
Duodenal regurgitation is conditioned by the state of the pyloric sphincter; 


Extracted e. c. 55 18 16 10 9 6 
Introduced e. c. * 7 14 12 8 6 4 
N 
0-140 
0130 
07120 


Pilocarpine gr. 4 


1 
Hours 
Fig. 12. Cardia tied; pylorus open. Tube in stomach. 80 c. o. gruel in stomach. Acid curve 
stops rising at 0-07N and pursues a horizontal course. e——e——e Total chloride 
in stomach. Total acid in stomach. A cross (+) attached to any 
symbol indicates the presence of bile. 7 


80 that, although an antiperistaltic wave drives the duodenal contents up 
to the pylorus, unless the latter relaxes regurgitation will not occur. If 
one keeps a sharp look-out through the glass cannula at an early stage 
before complete staining of the whole contents has occurred, regurgita- 
tion can be made out to be spasmodic; and periods at which the biliary 
staining of the contents is little marked are succeeded by others at which 
the colour markedly deepens. It is possible to extract the contents in such 
a case in two fractions corresponding to a resting and a regurgitating 
phase. For example, in cat 33 after emptying the stomach of lightly 
‘PH, LxXXVn. | 25 
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stained fluid at 11 hours more fluid welled up from the pyloric end which 
was deeply bile stained and contained starch. The analysis of these two 
fractions showed that the latter specimen had a much lower acidity than 


the former, thus: Total Cl Total acid 
Ist fraction 0-14 MV (05 p. o. 0-07 N 
2nd fraction 0-135 NW (0-48 p. o. 0-045 N 
The next half-hour fraction showed the following analysis: 
Total Cl Total acid 
0-135 M (0-48 p. o.) 0-06 N 


Extracted e. e. 41 26 21 15 10 Il 


Introduced c.c. 36 24 19 16 12 10 


2233393833 
i 


| l 1 1 
Fig. 13. Cardia tied; pylorus open. Tube in stomach. 80 0. o. gruel in stomach. Pylorus 
ligatured after 3 hours. Acid curve stops rising at 0-07 M and then slowly falls; abrupt 
rise in both curves on ligature of pylorus, Symbols as in Fig. 12. 
In order to show that the low acidity was due to regurgitation and not 
mucus neutralization, the stomach was emptied and the pylorus ligatured. 
At the end of the next half-hour 2-5 c.c. were extracted, which were free 
from bile and showed the following readings: 


Total Cl Total acid 
016 M (0-57 p.c.) 0-09 N 


This observation was again made 13). 
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In these experiments duodenal regurgitation prevents the rise in 
acidity above 0-07-0-08 NV, and keeps it down to this level and commonly 
lower. This, we take it, is the chief function of regurgitation; that is to say 
do regulate the acidity of the contents down to this level, for above this 
peroentage HCl is a danger to the mucous membrane. It may be en- 
quired why this neutralization of acidity is not more efficient, since in the 
normal digesting stomach the acidity does not rise above 0-05-0-06 V. 
We have answered this enquiry by diminishing the amount of acid with 
which regurgitation has to deal, and by ascertaining the character of the 
duodenal fluids which bring about the neutralization. Diminution in the 

amount of gastric juice was produced by cutting off a = of the fundus 
3 of the stomach from the pyloric end. 


(6) Divided stomach (three experiments). 


The stomach was divided at two points. In the first, a fourth part of 
the body next to the cesophagus was isolated and three-fourths left in 
connection with the pyloric end; and in the second the body was divided 
at its centre, so that half of the body was connected with the pyloric end. 
(i) Ligature isolating a quarter of the body. Regurgitation here had 
presumably to deal with about three-quarters of the normal volume of 
gastric juice. The same apparatus was used as shown in Fig. 8. 14 c.c. 
distilled water were introduced into the isolated portion and 24 c.c. into 
that portion communicating with the pyloric end. A sample of 2-5-3 c.c. 
was removed from each every half-hour. 
The curves from the fundus pouch show the total Cl and total acid 
: curves very closely corresponding, and no final divergence of them. Both 
3 curves climb till the pouch is empty in 24 hours. There is no neutralization. 
5 The total Cl curve of the pyloric pouch reaches its highest point of 
015 N (0-54 p. o.) in 14 hours, then becomes horizontal and maintains this 
height till finally 3-5 c.c. are abstracted at the end of the third hour to 
empty the pouch. The rise in the acid curve is arrested in } hour at the 
level of 0-064 N when regurgitation begins. After a further rise to 0-08 N 
in the next hour, a peak is formed here and the curve falls gradually to 
0-035 Mas the stomach empties. Neutralization is thus a marked feature, 
the final percentage amount of neutral Cl being 0-115 M (0-41 p. c.) 
(Fig. 14). 

(ul) 1 In this type half the body was 
isolated, and half communicated with the pyloric portion. Regurgitation 
had thus to deal with half the amount of gastric juice that it has in the 
whole stomach. 16 c.c. distilled water were introduced into the fundus 
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half and 24 C. o. into the half connected with the pyloric part. A sample of 
2-4 c.c. was removed every half-hour, The curves from the fundus half of 
the body were the same as those of the last experiment, except that there 
was a slight difference between the total Cl and total acid throughout of 
about 0-01 V. There was no final divergence, and in 2} hours the pouch was 
empty. The total Cl curve of the pyloric pouch rose abruptly for the 


N 
0-160 
0-150 
0-140 


0-130 


222222822228 


1 1 | 
Fig. 14. Cardia tied; pylorus open. One- quarter of body isolated by ligature. 14 0. o. dis- 


tilled water in fundus; 24 0.0. in pyloric part. Tube in fundus, cannula in pyloric 


part. Both curves from isolated part of body climb; acid curve from pyloric part 


shows a peak and falls marked). Total chloride from body and 
ä pylorus. e———-e————e Total acid from body and pylorus. o——o——o Total 
chloride from fundus. o---o---o Total acid from fundus. + Bile. 2-5 0. o. 


removed from each part until empty. 


first hour, and then more slowly to its highest point of 0-12 N (0-43 p.c.), 
when the last sample of 1-5 c.c. was extracted. The total acid curve rose 


more slowly to a peak in 1 hour and then fell to alkalinity as the pouch 


emptied (Fig. 15). Regurgitation commenced in half an hour and con- 
tinued throughout the experiment as in all the cases. Neutralization here 
was more marked than in the last experiment, and the experiment demon- 
strated that regurgitation in these cats is able to deal completely with the 


gastric juice secreted by half the stomach, and quite effectively, though 
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not completely, with that secreted by three-quarters of the stomach. 

These results are in keeping with those found in — constriction of 

the stomach in man. | | 
ſrom 


fundus e. c. 3-2 3-2 2-2 32 4-3 
body and pylorus e. e. 20 


i 
i 


N 
0130 


x 


Fig. 15. Cardia tied; pylorus open. One-half of body isolated by ligature. 16 0. o. in fundus, 
24 b. o. distilled water in body and pyloric part. Tube in fundus, cannula in pyloric part. 
Both curves from isolated part of body climb; ee 
peak at 0-02 M and falls to alkalinity. Symbols as in Fig. 14. 


(4) The regurgitated fluids 
In the experiments of the preceding section, at the completion of the 
observations the duodenum was opened, and if enough material was 
present in it an estimation was made. In three cases the results after 


5 hours were: Total Cl Total acid 
0-13 N (0-46 p.c.). 006 N 
0-06 W (0-21 p.c.) 0-06 N 
0-11 N (0-39 p. o.) 0-06 N 


From these results it appeared reasonable to suppose that the chyme from 
the stomach was partially neutralized in the duodenum and on regurgita- 
tion back into the stomach diluted the gastric contents and thus reduced 
their acidity. The next two points to study, therefore, were clearly the total 
Cl and total acid curves of the duodenum taken simultaneously with those 
of the stomach; and secondly the composition of the duodenal secretions. — 
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(a) Simultaneous curves from the stomach and the duodenum. 

Fluid collected from duodenum (three experiments). In these experi- 
ments a tube was inserted into the lowest part of the duodenum just 
above the duodeno-jejunal flexure, through which all the contents 
escaped. They were mixed together for analysis every half-hour. A glass 
cannula was inserted into the stomach as in all the previous experiments, 
and a specimen removed every half-hour at the same time as the duodenal 
contents were examined. 80 c. o. of gruel were used as the test meal. 
Large amounts escaped from the duodenal tube, more than half the 
volume of that put into the stomach, during the first half-hour. After 
this the rate fell to from 3 to 5 c.c. each half-hour period. The amounts in 
one experiment were 50, 5, 3, 2, 5 and 4 c. c. The fluid poured out in 
gushes every few minutes, most noticeable at the beginning. Bile appeared 
intermittently after a few minutes, and when the amount of fluid di- 
minished it was permanently and darkly stained. The total Cl and acidity 
curves of this fluid were the same in each of the three cases; they both 


3 ascended, the final readings being: 


Hours Total Cl Total acid 
1 0-05 N (0-18 p. c.) 0-04 N 
0-105 N (0-38 p. o. 9002 N 

0-12 WN (0-43 p. o.) 0-07 N 


The presence of the tube in the lower part of the duodenum appeared to 
stop regurgitation into the stomach, for in only one experiment was there 
a faint trace of bile in the last three gastric specimens. These all showed 
curves such as we have described in the experiments with the pylorus 
ligatured, and all the specimens contained starch. 

_ Fluid collected from the jejunum (three experiments). In view of the 
fact that regurgitation into the stomach did not occur when the tube was 
placed in the duodenum, three experiments were performed with the 
tube in the jejunum 3-4 in. below the duodeno-jejunal flexure. Regurgi- 
tation occurred in two of the experiments, but not in the third. The 
jejunal curves were similar to those obtained from the duodenum, the 
final readings after 2} hours being in the three cases: 


3 Total Cl : Total acid 
9 0-07 N (0-25 p. e. 0-04 N 
2) N (0-36 0-04 N 
(3) 124 N (0-45 p.c.) 0-05 NV 


The issuing fluid was of 1 same nature as that from the duodenum but 
did not rush out so quickly, taking an hour to accumulate to the same 
extent as occurred in half an hour in the case of the duodenum. The bile 
was later in appearing. After the first hour the flow became very slow 
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from about 0-5 to 5 0.0. in the half-hour. Fluid was clearly being held up 
in the duodenum, for 3 or 4 c.c. were removed each half-hour from the 
stomach. One experiment showed no regurgitation, the gastric curves 


= 
S 


Hon 0 | 


Fig. 16. Cardia tied; pylorus open. One cannula in stomach and another 2 in. below 
duodeno-jejunal flexure, 80 0. o. gruel in stomach. Duodenal regurgitation inhibited 
by jejunal tube. Total chloride in stomach. Total acid in 
stomach. o——o——o Total chloride in jejunum. o--o--o Total acid in 
jejunum. + Bile. 


being of the type associated with ligature of the pylorus (Fig. 16). Re- 
gurgitation with bile in the stomach occurred in the other two, more 
marked in one than the other. In the more marked case a peak occurred 
in the acid curve of the gastric contents, and at the end of 3 hours the final 
readings were: Total Cl Total acid 
0-135 M (0-48 p.c.) 0-055 N 

The neutral chloride amounted to 0-08 N (0-28 p. c.), so that the neutraliza- 
tion process was shown very well. In this case the acidity percentage of 
the jejunal fluid was 0-04 N at its highest (Fig. 17). These cases demon- 
strate the fact that when duodenal regurgitation occurs the gastric 
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acidity undergoes a characteristic lowering, but when it does not occur 
the curves climb, as when the pylorus is occluded. In both cases the 
contents of the duodenum were acid to the same degree, namely 0-04 N. 
It appears to be established, therefore, that in this type of regurgitation 
partial neutralization occurs in the duodenum and dilution in the stomach 
by a fluid of low acidity. In man, the duodenal contents, obtained by the 
duodenal tube during gastric digestion, have been found to vary; they are 
said to be alkaline or sometimes acid, but the matter is still in abeyance 
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Fig. 17. Cardia tied; pylorus open. One cannula in stomach and another in jejunum. 80 0. o. 
gruel in stomach. Acid curve from stomach shows a peak and marked fall; contents of 
jejunum are acid throughout. Symbols as in Fig. 16. . 


[Einhorn, 1918; Friedenwald and Sindler, 1921; Myers and 
McClendon, 1920]. It seems clear that regurgitation may lead to neu- 
tralization in the stomach itself, or dilution of the gastric contents by a 
neutral fluid or one of low acidity. , 


) Composition of duodenal secretion (nine experiments). 

The cardia and pylorus were ligatured and a cannula inserted into 
the lower end of the duodenum to collect the secretion. ‘Pilocarpine 
nitrate gr. 1/3 was injected subcutaneously. 

The secretion was collected for from 11-2 hours, and at the same 
time the gastric juice was allowed to accumulate in the stomach. The 
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amount finally collected did not vary with the time of collection nor with 
the amount of gastric juice secreted. The period of secretion corresponded 
with that of the gastric juice. The maximum amount was 15 c.c. and the 
minimum 1-5 c.c, The maximum amount of gastric juice finally found in 
the stomach was 21-5 c.c. and the minimum 11 c.c.; these amounts were 
obtained from cats whose duodenal fluids amounted respectively to 1-5 
and 6 c.c. There was no correspondence between the two secretions as to 
amount. The average amount of gastric juice in the nine cases was 
15°6 c.c. as against an average of 4-36 c.c. duodenal fluid. The fluid was 
analysed as regards its alkalinity and content of Cl and trypsin, but 
owing to the small amount available these three were not estimated in 
every case. It was mucoid and usually contained bile from the beginning 
and the final colour always became very pronounced, but in two cases the 
bile staining did not come on for ? hour. The various components of 
which it consisted apparently varied a ti deal in amount. The analyses 
of six cases are as follows: 


Total Cl Total alkali Amounts 
6 0-12 (0-43 p. o.) 0-1 N 15 0.0. 
0-055 N (0-2 p. c.) 0-168 N 45 o. o. 
(6) 0-12 WN (0-43 p. c.) 0-07 N 2-0 0. o. 
7 0-09 (0-32 p. c.) 0-1 0. 0. 
8) 0-11 N (0-39 p. c.) 0-1 N 3-0 0. o. 
(9) 0-095 W (0-34 p. c.) 0-12 N 6-0 o. o. 
The tryptic value in five cases was: (3) 16, (4) 32, (7) 128+ +, (8) 1200, 
(9) 1600. The duodenal fluids were, therefore, bile and pancreatic juice 
with mucus from the duodenal glands and Brunner’s glands. The fasting 
duodenal contents in man do not show such a high degree of alkalinity, 


which has been given as 0-03-0-07 N (Einhorn, 1918]. 


— * — — — — — — 


— — 


_ DISCUSSION 
The results of these experiments and the conclusions at which we have 


(1) Duodenal regurgitation has for its function the prevention of an 
undue rise in gastric acidity when the volume of the gastric contents 
has diminished to such a point that, unless the secretion of gastric 
juice has completely stopped, an excessive acidity is likely to result. 
The relation between the rates of secretion of gastric juice and of the 
emptying of the stomach is not balanced so nicely that this object is 
achieved without the interposition of some means of neutralization; and 
the only means at the disposal of the organism is by duodenal regurgita- 
tion, for mucus is secreted in small quantities at a constant slow rate 
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and cannot, therefore, produce any rapid or marked change in the 
acidity at such a time. 

(2) In these experiments neutralization occurs in the duodenum and 
the regurgitated contents dilute the acid in the stomach, so that a 
material reduction gradually occurs. This regurgitation is able to check 
the high initial rise in acidity, but when dealing with the whole stomach is 
unable to effect complete and rapid reduction. This is due to the small 
amount of alkaline fluids available in the duodenum, the amount of acid 
secreted by the whole stomach being too large for neutralization. These 
results find their counterpart in the condition of hypersecretion in man in 
which the amount of acid to be dealt with is abnormally large; and in 
ulcer the duodenal contents are frequently acid [Einhorn, 1921}. The 
reduction of gastric acidity in the normal individual is, however, more 
complete, the curve approaching the base-line to a greater or less extent. 
In Boldyreff’s original experiments, in which he showed that the re- 
_ duction in acidity of solutions of HCl introduced into the stomach was due 
to duodenal regurgitation, the duodenal contents were acid, being 0-03- 
0-04 N at the beginning and about 0-01 Mat the end of the experiment. 
The reduction of gastric acidity was, therefore, due to dilution [Boldy- 
reff, 1915]. The volume of pancreatic juice secreted in response to pilo- 
carpine is very much smaller than that put out during digestion, so 
duodenal regurgitation is a much more efficient neutralizer in the natural 
state than in these experiments. It is, therefore, to be concluded that in 
the normal individual both neutralization and dilution in the stomach are 
at different times the cause of the fall in acidity. 

(3) The fluid regurgitated consists of gastric contents which have just 
been expelled, mixed with the duodenal contents present at the moment, 
and partially or completely neutralized. This was the case in these experi- 
ments, for the material contained starch so long as it was present in the 
stomach. The same occurs in man, for after the administration of an 
opaque meal regurgitation may now and then be visualized by the X-rays 

in favourable cases, the duodenal contents, which contain barium first 
expelled from the stomach, being seen to pass back into the stomach. 

(4) All the experiments in which regurgitation occurred showed bile 
in the stomach with antiperistalsis of the duodenum as the cause. In man 
this is true in many cases, but there remain over others which show 
identical curves although bile is absent. This fact has been a great 
stumbling block in the way of accepting the hypothesis of regurgitation 
as the cause of the reduction of acidity in these cases. Regurgitation may, 
however, occur without bile being present in the stomach. Regurgitation 
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has been seen by the X-rays to be of two types. A massive regurgitation 
in which the duodenal contents are shot back into the stomach by anti- 

is of the duodenum which is a normal phenomenon [Bolton and 
Salmond, 1927]; and a regurgitation from the duodenal cap only, in 
which the fluid pours back from the cap which remains filled for some 
time. In the latter case there is presumably no bile in the regurgitated 


fluid, the neutralization being due to the secretion from Brunner’s glands, 


which is strongly alkaline [Florey and Harding, 1933]. 

(5) From what has been said it is clear that the pyloric sphincter i is the 
regulator of regurgitation and hence of the neutralization process in the 
stomach. This confirms the conclusion to which we originally came as the 
result of our early investigations in the human subject [Bolton and 
Goodhart, 1922]. Unless the sphincter relaxes when any backward 
pressure in the cap occurs regurgitation cannot take place. Hypertension 
of the pylorus is well known in man either as a persistent hypertonus 
giving rise to a climbing acid curve, or as an intermittent event causing 
peaks of increased acidity in the curve. Atropine, by relaxing the hyper- 
tension of the pyloric sphincter, induces regurgitation and the resulting 
neutralization is very marked, since atropine also diminishes the secretion 
of gastric juice. Similarly an organic obstruction of the pylorus prevents 


normal neutralization. Hypertension of the pylorus is, however, not the 


only reason why regurgitation is prevented, for there are certain persons 
in which the rush of food through the pylorus and duodenum in a rapidly 
emptying stomach with absence of duodenal antiperistalsis prevents 
regurgitation and a climbing acid curve occurs in the stomach. The 
opposite condition of excessive neutralization occurs and may be checked 


by administering an irritating test meal which produces hypertonus of the 


pylorus [Bolton, 1928]. 

(6) The most important point in regard to the neutralization process 
is to insure that the acidity does not rise above the average normal value, 
or if it does that it shall be quickly brought down. This was the hypothesis 
suggested by Boldyreff in the account of his original experiments 
quoted above. An acidity below this level is inert, and in the further re 
duction of acidity when very small amounts are left and in the fasting 
stomach the gastric mucus finds its real role, although regurgitation 
periodically occurs in the fasting stomach. The fall to this fasting level 
which is at all rapid is due to regurgitation, although if the secretion is at 
an end mucus will gradually bring down the acidity of small amounts. 
When the curve has thus fallen, if many c.c. are still present in the stomach, 
regurgitation has been the cause of the fall. In the condition of hyper- 
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- seoretion regurgitation is always necessary to keep the acidity low in the 
fasting stomach. The curve remains at some definite level with temporary 
up and down variations. It is clear that the tone of the pylorus fixes the 
level of the acidity curve in such a condition. : 

(7) Finally, in all the investigations we have made in this subject, 
whether clinical or experimental, when a high percentage of neutral 
chloride has been present in the gastric contents, we have demonstrated 
this phenomenon to be due to neutralization of the gastric juice or to the 
chloride in the mucus. We have found no evidence whatever that a solu- 
tion of neutral chloride is secreted by the stomach in the normal indivi- 
dual. The gastric juice contains a small and variable percentage of neutral 
chloride like all other secretions of the body; a certain amount is also 
swallowed in the saliva and regurgitated from the duodenum; these to 
some extent must affect the chloride reading due to neutralization with 
mucus. In our first paper we showed with what ease fluid may be poured 
cout of the mucous membrane as the result of irritants; the chloride in such 
fluids, however, comes into quite a different category from that with which 
we are dealing, since the fluid is of the nature of an inflammatory exudate. 


SUMMARY 

The acidity of the gastric contents during digestion is automatically 
prevented from rising above the average normal level of 0-05-0-06 N by 
regurgitation of the duodenal contents into the stomach, when this level 
of acidity has been reached. It is not necessary that the regurgitated fluid 
should be alkaline and that the actual neutralization should occur in the 
stomach; in these experiments when the regurgitated fluid was to some 
extent acid the same result was achieved (though somewhat less efficiently 
than in normal digestion in man) by dilution with the partially neutralized 
duodenal contents. The variability in the degree of neutralization is 
merely due to the disproportion in amount between the interacting acid 
and alkali, for, by diminishing the acid-secreting surface so as to adjust 
the balance more evenly, the point may be hit at which the acid curve, 
after being arrested in its rise, sinks to alkalinity. The same variability is 
to be seen in normal digestion curves, which do not all fall to the same 
degree in spite of the fact that the pylorus, which is the regulator of the 
gastric acidity, may be acting normally. Gastric mucus is unable to 
produce any rapid change in the acid curve, since its effect is merely a 
steady and constant neutralization visible only when small amounts are 
present in the stomach, and the secretion of gastric juice is at a low ebb. 
In the fasting stomach it can thus modify the acidity of a slow secretion. 
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MATERNAL TRANSFERENCE OF FLUORINE 


By MARGARET M. MURRAY | 
(From the Department of Physiology, Bedford College, London) 
(Received April 23, 1936) 


Ir is often assumed that the placenta acts as an efficient barrier pre- 
venting the passage of harmful substances from maternal to foetal blood. 
To what extent substances, not normally present in the body, yet of a 
diffusible nature, can be transferred to the offspring via the milk has not 
been investigated for many substances. If these two points, the trans- 
ference across the placenta and into the milk are tested by giving the 
mother some substance capable of taking part in metabolism, the diffi- 
culty is to trace its fate. The use of fluorine, it was thought, might get 
over this difficulty for the following reasons. Fluorine is normally present 
in animals in very small amounts only, and then chiefly in teeth and 
bones. It is possible to feed to animals sodium fluoride in suitable doses 
(0-05 p.c. of the diet) without seriously arresting, though affecting, their 
growth, development and fertility. Fluorine can be estimated in very 
small quantities by distillation of the fluorine as H, SiO,, conversion to 
HF and determination of the latter colorimetrically by its bleaching 
effect on the red lake of zirconium and alizarin. Since in some cases 
decomposition products of the perchloric acid, which also bleach the 
lake, distil over, it is necessary, in order to avoid high values, to do 
several blank determinations on each sample of the acid. 

Feeding fluorine compounds is now well known to produce char- 
acteristic visible effects in the teeth of rats. At first they become pearly 
white, losing their natural orange-yellow colour. Later they become 
opaque, white and very brittle. Frequently the teeth break off and some- 
times, because of failure to occlude, they become abnormally long. These 
are clear signs of fluorosis. The bones also become brittle. Both the teeth 
and bones contain fluorine. 

In human beings fluorine in the drinking water produces a char- 
acteristic mottling of permanent teeth, first observed by Black and 
McKay [1916], proved to be dus to fluorine by Smith et al. [1931], and 
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known to occur so extensively in the United States that it constitutes an 
important public health question which has received a great deal of 
attention and produced a mass of scientific work. Maldon in Essex is the 
only place where this trouble has been recognized in England. Ains- 
worth [1933] made an investigation on the teeth there. 

Whether mottling can occur as a result of maternal fluorine ingestion 
is at the present time debated. Opinions vary as to whether the tem- 
porary teeth ever show mottling. McKay [1932], the pioneer on 
mottled teeth, said he had never seen a clear-cut case of mottling in 
temporary teeth. Later he [1935] said he had but very rarely seen even 
slight mottling of temporary molars. Recently Smith and Smith [1935] 
reported true mottling of the temporary teeth of artificially fed children 
in a fluorine water area. They maintain that this was not due to an 
in utero effect of the fluorine but must have been brought about during 
postnatal calcification when the children were receiving milk foods pre- 
pared with fluorine-containing water. They did, however, consider it was 
possible that the fluorine might be effective in utero at high concentrations. 
Brinch and Roholm [1934] described two cases of mottling of the 
permanent teeth of two children of a woman who had worked in a 
cryolite factory. These workers stated that the temporary teeth had not 
been affected. They also then concluded that the placenta had barred the 
transference of fluorine so that there was no fluorine during the period 
when the temporary teeth calcify, but that the fluorine passed into the 
milk and was thereby able to affect the calcification of the permanent 
teeth. The periods of lactation were 2 and 1} years and the mottling 
was proportional to the time. On the other hand, Boissevain and 
Drea [1933], who have worked on the determination of fluorine in teeth, 
investigated the fluorine content of milk from cows in a fluorine water 
area. They state that in spite of the intake of fluorine-containing water 
the milk ash contained no fluorine. They used the spectroscopic method, 
and because of their negative result advised that children should be 


given milk in place of water. Smith and Smith [1935] tentatively 


reported mottling in the teeth of breast-fed babies. There is then no 
agreement of opinion as to the transference of fluorine in utero or through 
milk. It is hoped that the present experiments will give an answer to 
these queries. | 

To put the question of transference to the test, a series of experiments 
was planned. The rats used throughout were all of the same inbred 
albino stock, The diet of the adults was one used as a stock diet by 
Coward et al. [1932], which consisted of whole wheat and ground maize, 
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dried yeast, casein and salt mixture. Measured additions of cabbage, 
meat, liver, cod-liver oil and dried, full-cream milk were given. To the 
salt mixture of 10 g. CaCO, and 10 g. NaCl, 1 g. KI was added. The 
animals received 15 g. of diet mixture moistened with 15 c. o. liquid per 
day to which the adjuncts were added. This diet was considered a com- 
plete one. For the control animals the diet was moistened with 15 c.c. 
water, for the rest the diet was moistened with 15 c.c. of 0-05 p. c. NaF. 

The bodies of five litters of rats born of normal mothers and five 
litters from mothers receiving 0-05 p.c. NaF in their diet were killed 
within 24 hours of birth and analysed for fluorine. Each litter consisting 
of seven to nine young was weighed (wet weight), ashed and the fluorine 
determined. The determination was made by distilling the ash in pre- 
sence of glass beads with perchloric acid, thereby converting the fluorine 


to H,SiF,, which in the distillate by hydrolysis gave fluorine ions. The 


estimating of the fluorine was made by the colorimetric method of 
Elvove [1933]. The results of these analyses are given in Table I. 


‘Taste I 
Control Fluorine p. o. Fluorine 
litters of wet litters of wet Weight 
805 0.00017 E. 
0.00021 Ea and F, 000086 
Ss 0.00018 
82 Nil Fa 0-00078 
* Nil Fs 9.90018 
Mean 0-00011 0-00051 
| Difference: 0-0004 p.c.=0-0002 M 


The absolute values for the fluorine of some of the controls may be a 
little too big, but the difference value is quite definite and significant. 
This quantity works out to a concentration of 0-0002.M, and since 
Robison and Rosenheim [1934] have shown that a concentration of 
0-00001 M NaF in the perfusion liquid inhibits calcification in vitro, it 
would appear that the quantity of fluorine transferred in utero was in 
these rats a harmful amount. No doubt the fluorine is not evenly dis- 
tributed in the bodies of these young rats which gave only 2 p.c. ash, but 
is concentrated in the developing osseous tissue. Great difficulty was 
experienced in the estimation of the fluorine content of the blood of 
the mothers because substances came over in the distillation of the ashed 
blood which interfered with the colorimetric comparison. We came to the 
conclusion, however, that the amount was small and probably of the 
order of 0-0005 p.c. This value was comparable with the fluorine content 
of the new-born young of these rats. 
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To investigate the question of transference during lactation, four 


groups of young suckling rats were used ; the groups were e in the 


following way: 


Group 00 born of normal mother suckled by normal mother. 

Group + + born of fluorine mother suckled by fluorine mother. 
Group 0+ born of normal mother suckled by fluorine foster mother. 
Group +0 born of fluorine mother suckled by normal foster mother. 


The last two groups interchanged mothers within 24 hours of birth. 
During the first 12 days of lactation the fluorine mothers received the 
NaF in the diet as described, but after that they were given the same 
amount of NaF in a more concentrated form by mouth from a pipette. 
The young were killed at 21 days. 

It was hoped that there would be distinct and visible signs of the 
effects of the fluorine on the teeth. The incisor teeth of all very young 
rats are much paler than in the adult and the tips are white and not so 
transparent. The teeth of the ++ litters were throughout slightly 
opaque and whiter than the 00 litters. A comparison of the 0+ and the 
+0 litters suggested that the teeth of the latter were less pigmented than 
the former. 

The bodies were skinned, eviscerated and to a certain extent dis- 
membered. The parts were boiled in water and the flesh picked off the 
bones as well as possible. After several such pickings a collection of 
bones with a minimum of soft tissue was obtained. The material was. 
ashed and the fluorine content of the ash determined. Each group con- 
tained two litters of six to eight young. The numbers of determinations 
made on each ash are given in Table II in brackets. Blank deter- 
minations were also made. 


++ 0-0308 (6) 0-0301 
0+ 0-0208 (10) 0-0201 
+0 00076 (14) 0-0068 


The results show that both pre- and postnatal administration of 
fluorine to the mothers leads to fluorine uptake in the young. The litters 
of mothers having prenatal fluorine feeding would have been born (see 
results of determinations on the new-born rats, Table I) with a certain 


amount of fluorine; it has been calculated from these determinations that 


the corresponding fluorine in the ash would have been 0-02 p.c. When 
nx. IxxxXVn. 26 
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the fluorine is discontinued after birth as in the litters + 0, then, though 
possibly some of this fluorine acquired before birth is eliminated, a certain 
amount remains. Continuation of the fluorine after birth of the young 


gives the highest value and proves clearly that fluorine is transmitted in 


the milk. When the fluorine is given only after birth of the young, at 
3 weeks they contained a considerable percentage of fluorine. It must be 
pointed out that the sum of the fluorine acquired separately before and 
after birth by the young of these fluorine rats is of the same order as 
that acquired by the litters where the mothers had received fluorine both 
during gestation and lactation. That is, the sum of fluorine of litters +0 
and 0+ is approximately that of fluorine litters + +. 

The amounts of fluorine fed is many times that likely to be ingested 
by human beings, but it is most likely accumulative, and considering the 
time of the gestation and lactation period in human beings the quan- 
tities encountered would probably be significant. In any case the results 
give definite evidence of maternal transference, and even though only a 
very much smaller concentration arising in a similar way might be 
found in children, these smaller concentrations would most likely be 
significant in view of the very low effective concentration of fluorine 
found by Robison and Rosenheim [1934]. Human beings must either 
be more sensitive to lower concentrations of fluorine, or small concen- 
_ trations are more effective in them than in rats, because of the longer 
time of gestation. It is difficult to obtain evidence of the action of 


fluorine on rats when given in the concentration found in a water from 


an area where characteristic mottling of human teeth occurs [Smith and 
Lantz, 1933]. | 
8 

1. Determination of the fluorine contents of the new-born young of 
control and fluorine-fed rats showed that at a level of maternal feeding 
of 0-05 p.c. NaF the young acquired significant amounts of fluorine. 
The F content of the new-born rats represented 0-0004 p. o. of wet weight. 

2. Young rats suckled by mothers receiving 0-05 p.c. fluorine in the 
diet acquired fluorine through the milk so that their bones contained 
0-021 p.c. Fa as compared with controls 0-0007 p. C. Fy. 

3. The results suggest that mottling of temporary teeth in humans 
may result from prenatal maternal fluorosis and also that human or 
other milk, from regions where fluorine occurs in water, contains fluorine 
in amounts which may be biologically effective, although, perhaps, too 
small for detection or determination chemically or spectroscopically. 
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REACTIONS OF THE NORMAL MAMMALIAN MUSCLE 
TO ACETYLCHOLINE AND TO ESERINE 


By G. L. BROWN, H. H. DALE AD W. FELDBERG? 


From the National Institute for Medical Research, 
| Hampstead, London, N.W. 3 


(Received May 19, 1936) 


Date et al. [1936] have recently presented evidence that impulses 
reaching motor nerve endings on voluntary muscle fibres cause the 
liberation of acetylcholine at those endings. From analogy with cases 
earlier recognized, the suggestion was obvious that the acetylcholine so 
liberated might act as the transmitter of excitation from nerve ending 
to muscle end-plate. In this case, however, a difficulty was presented 
by the apparently low and irregular sensitiveness of normal, voluntary 
mammalian muscle to the artificial application of acetylcholine. There 
was evidence, indeed [Feldberg & Minz, 1931; Feldberg, 1933; 
Simonart & Simonart, 1935 a; Simonart, 1935 ö], that quick con- 
tractions, or groups of such, could be elicited from the normal mammalian 
muscle by injections of acetylcholine; but the effects were rather irregular, 
the nature of the response not very clearly determined, and the doses 
required to elicit them so large as to make their physiological significance 
doubtful. To explain the fact that even such effects had escaped the 
notice of most earlier observers, the Simonarts suggested that they 
were readily suppressed by anesthetics, and especially by ether. They 
observed the contractile responses most readily in the earlier stages of 
barbiturate anesthesia, or in spinal preparations after complete removal 
of ether. Apart from this suggested deterrent action of anwsthetics, the 
evidence for which we shall discuss later, it appeared to us that the 
methods hitherto used, for the artificial application of acetylcholine to 
voluntary muscle, were not well calculated to display an action of the 
kind which it would have to produce, in transmitting the excitatory 
effect of a motor nerve impulse. If it performed this function, its release 
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by the impulse must occur at the nerve ending, in close contact with 
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the end- plate of the muscle fibre; and the quantity liberated by a single 


impulse, though extremely small, would be shed into a correspondingly 
minute volume of fluid, so as to produce a substantial concentration 
very abruptly. It was not, indeed, to be expected that any artificial 
method of application would reproduce such a sudden and simultaneous 
access of acetylcholine to the end-plate of every fibre of a muscle, as 
would be caused by a maximal volley of impulses in its nerve. It seemed 
possible, however, to make a more definite experimental approach to 
such conditions than had been attempted in earlier experiments. Ar- 
terial injections had already been used; but Simonart [1935 ö], using 
a method already employed by Dale & Gasser [1926], made them into 
the lower end of the aorta without interrupting the circulation, so that 
the acetylcholine must have been distributed to an area much wider 
than the recording muscle (gastrocnemius), and must have reached the 
latter in quantities and at rates which were both variable and unknown. 
In the experiments in which F eld berg [1933] made the nearest approach 
to the methods here to be described, injecting into thé lingual artery 


with the circulation stopped, only direct, visual observations were made 


of the responses of the tongue muscles. 

In this paper we describe experiments, in which we have aimed at 
bringing doses of acetylcholine as rapidly and as nearly simultaneously 
as possible into contact with every fibre of a normal mammalian muscle. 
The results thus obtained have shown a remarkable contrast to the 
negative or irregular results earlier recorded by different observers, in- 
cluding some of our own number. We record also the results of some 
experiments made on the effects of curarine and of eserine, on the 
responses of mammalian muscle to artificial — of acetylcholine 
and to motor herve impulses. 


METHODS 


Our experiments have been made on cats, and mostly on the gastro- 
enemius muscle. One experiment was made, for comparison, on the 
gastrocnemius of a dog. In most cases spinal animals have been used, 
kept under artificial respiration sufficiently long to remove the pre- 
liminary ether, but a few experiments have been made under ether for 
comparison. 

Preparation of muscle. The gastrocnemius was completely exposed 
and freed almost to its origin from the femur, the calcaneum being 
divided so as to leave a segment attached to the Achilles tendon. The 
lower end of the femur, freed by ligature and section of the thigh muscles, 
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was transfixed by a stout drill attached to a rod, which was clamped to 


a steel pillar fixed to the operating table. The leg below the knee, 
to the exclusion of the gastrocnemius, was held in full extension by a 
string or accessory clamp, so as not to affect the movements of the 
gastrocnemius. The Achilles tendon was attached by a copper wire 
or a steel hook to the tension recording lever. This was in most cases 
a flat steel spring of the type used by Hill & Hartree [1920], the record 
being made on a smoked drum by a light aluminium lever moving in 
the vertical plane. In the earlier experiments the muscle was extended 
_ horizontally, so as to pull on a short vertical rod attached to the flat 
spring. Later, for reasons later discussed, the femur was fixed in such 
position as to allow the muscle to be extended vertically, and to pull 
downwards on a short horizontal rod attached to the spring. In some 
experiments isometric myograms were recorded optically, together with 
the action potential of the muscle. The drill immobilizing the femur was 
attached to a heavy iron plate attached through insulators to a cast-iron 
table. The tendon was connected through a steel hook, interrupted by 
an insulating fibre segment, to a torsion wire myograph of the type 
described by Eccles & Sherrington [1930]. The lead-off electrodes 
were either silver pins, the earth lead thrust into the belly of the muscle 
and the grid lead into the tendon, or a concentric needle electrode 


[Adrian and Bronk, 1929] in the. belly of the muscle. The action 


potentials were amplified by two or three resistance capacity coupled 
stages connected to four pentodes in parallel, driving the coils of a 
Matthews oscillograph. The coupling condensers were of such size as to 


give a deflection falling to half its original value in 0-52 sec., when a 


rectangular potential was applied to the input. : 

In most experiments the exposed and extended muscle was kept 
warm and moist by draping it with a film of cotton-wool wet with warm 
saline, and continuously irrigating the surface with a jet of saline at 
about 38°C., which flowed down over the cotton draping into a drainage 
tray. For electrical recording this arrangement was unsuitable, and the 
muscle was, for this purpose, protected from evaporation by enclosing 
it in a loose wrapping of cellophane tied round the tendon and the femur, 
and was then kept warm by a beam from a suitable source of radiant heat. 


Arrangements for injection. The object, as indicated, was to introduce 


the acetylcholine directly into the blood vessels of the muscle as rapidly 
as possible, and therefore through the shortest practicable length of 


artery, with the circulation arrested, and with the minimum of blood. 


or other fluid in the vessels. Two methods were used. 
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(i) Artificial perfusion with Locke's solution. The popliteal artery and 
_ ||. yein being exposed, all branches, even the finest, except those supplying 
or draining the gastrocnemius, were tied off in the popliteal space, to 
give a sufficient length of free vessels for the insertion of cannuls. The 
tibial vessels, emerging from the tibial surface of the gastrocnemius 
between its heads, were then cleared and ligatured at the most proximal 
point attainable without damaging the muscle, care being especially 
needed to secure and tie branches to the knee joint. With the vessels 
thus prepared, an injection, made through a cannula tied into the 
popliteal artery close to the muscle, would pass immediately and entirely 
into the vessels of the gastrocnemius. The perfusion cannula was a three- 
way nickel-plated tube, with a central two-way tap, and with the peri- 
pheral limb ending in a fine cannula. One proximal limb was attached 
to a stout rubber tube leading from a Dale-Schuster pump, and including 
aa glass bulb T-piece to accommodate a thermometer and serve as a 
bubble-trap. The temperature of the bath enclosing the pump was such 
| a8 to maintain at 36-38°C. the Locke’s solution reaching the muscle 
through the perfusion cannula. The other proximal limb of the cannula 
was open, and provided with an attachment for the injection syringe. 
At any moment the perfusion could be interrupted by turning the two- 
way tap, and, with the muscle drained of perfusion fluid through the 
vein, the injection could then be made directly into its vessels through 
the free limb of the cannula. A by-pass was provided in the system, so 
that the pump could work without interruption during this brief arrest 
pl the flow for injection. The artery, having been tied and clipped, was 
incised at the nearest convenient point to the muscle, the cannula was 
tied in, the clip removed, and the perfusion opened up to the full rate. 
When the fluid in the vein became nearly clear, the vein was opened to 
vive it free exit, and tied above the opening; in some cases a cannula 
vas tied into the vein, so that the rate of venous outflow could be checked. 
The arterial cannula was then firmly clamped in a position enabling 
imjections to be made conveniently through its free limb. When an in- 
___ jection was to be made, this free limb was filled, as far as the tap, with 


— 


4 
a, 
* 
> 
2 
1, 


— 


— 


— 


dhe solution to be injected. The syringe with the measured volume of 
Solution was attached, the tap turned, the muscle allowed to drain 


through the vein for a few seconds, and the syringe then discharged as 

“quickly as possible. The part of the cannula peripheral to the tap, down q 

15 to the opening of the nozzle, had a volume of only 0-06 c.c.; this dead q 

___- Space was allowed for by a corresponding addition to the volume 
Injected. 
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(ii) Natural circulation. A few of the early experiments were made 
by tying off all the side branches of the external iliac, superficial femoral 
and popliteal arteries down to the gastrocnemius muscle, as well as both 
the internal iliac arteries, and making the injection through a cannula 
tied into the central end of the other external iliac artery, the aorta 
being clamped just above the bifurcation while the injection was made. 
The effects obtained were somewhat irregular, for reasons discussed 
below, and we later found it better to use the central end of the tibial 
artery, for retrograde injections through the popliteal. The popliteal 
artery was prepared as for perfusion, but in this case a sufficient length 
of the tibial artery was similarly prepared by carefully finding and tying 
all side branches, so that fluid injected centrally into it must pass entirely 


into the popliteal artery and, when the latter was clamped, entirely into 
the vessels of the gastrocnemius. A cannula made from a syringe needle 


was then tied into the central end of the clamped tibial artery, and the 
butt of this cannula was fixed firmly in a small clamp. When an injection 
was to be made, this cannula, including even the bore of the needle, was 
filled with the solution to be injected by use of a finer hypodermic needle, 
so that there was no dead space outside the arteries themselves, and the 
syringe holding the measured volume was then firmly attached. The 
popliteal artery was then clamped near to the origin of its gastrocnemius 
branches, the blood in the muscle being free to escape by the veins. The 
clip on the tibial artery was then opened, and the contents of the syringe 
were quickly discharged into the vessels of the gastrocnemius. We found 
this to be the most effective of the methods used, and, when once the 
dissection and ligature of small arteries had been completed, the simplest 
to apply and the most easily controlled. In a few cases we found it con- 
venient, after ligaturing and cutting all its side branches, to draw the 
divided tibial artery between the two heads of the gastrocnemius, so 
that the whole procedure of clamping and injection could be carried 
out proximally to the muscle. 

Nerve stimulation. In those experiments in which the irrigating saline 
jet was used, the sciatic nerve was bared and laid on silver wire electrodes 
in such a way that it was kept warm and moist by the irrigation. When 
the jet was not used, the nerve was left in position in the thigh muscles 
and stimulated through a shielded electrode. The stimuli were slightly 
supramaximal break induction shocks, delivered at a known time interval, 
usually 10 sec., by a Lewis rotating contact breaker. In the experiments 
in which optical records were made, the stimuli were similar break in- 
duction shocks delivered by a Lucas pendulum. 
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RESULTS 
(i) Action of acetylcholine on the normal muscle 
Effects with different methods of injection. Our earlier experiments had 


the object of extending Simonart’s observations, with a sharper re- 


striction of the injected dose to the muscle from which records were 
taken, and with the circulation stopped while the injection was made, 
so as to ensure a smaller and more constant mixture of the injection 
with blood. When a dose was injected through the opposite iliac artery, 
into the lower end of the clamped aorta, it could be seen momentarily 
to fill and distend the whole of the stretch of iliac, femoral and popliteal 
arteries, the side branches of which had been tied right down to the 
muscle. Part of the injection passed into the muscle as the artery 
collapsed again, and the remainder was swept in by the renewed blood 
stream, when the aorta was released. Under such conditions we some- 
times obtained obvious responses of the muscle to the injection of doses 
as small as 5, all made in 1 c. c. of saline solution. The responses had 
the form of sharp, apparently simple contractions. With larger doses, 
of from 10 to 25y, we obtained contractions with tensions as high as 
that of the maximal twitch excited through the sciatic nerve, and with 


' doses of the order of 100y, with tensions much higher. The results, 


however, were still irregular, and we found that for a constant dose 


there was an optimal volume for the injection. The reason of this was 


clear. If the volume was too small, practically none of the injection 


reached the muscle before the circulation was renewed; if it was too 


large, though much of the injection reached the muscle while its vessels 
were empty, it was in a correspondingly dilute solution; and the biggest 
response was accordingly obtained with solution in an intermediate 
volume, such that some of the injection passed into the still bloodless 
muscle, in a solution not too dilute to cause excitation, before the circu- 
lation was renewed. It was clear that, to obtain better and more regular 
results, we must further reduce the arterial dead space. 

In our first attempts to do this, we were concerned at the same time 
to remove the last traces of blood from the vessels of the muscle, sup- 
posing that the esterase present in them might reduce the dose of 
acetylcholine reaching the muscle fibres. We accordingly adopted the 
technique of perfusion with warm, oxygenated Locke’s solution above 
described, with the cannula inserted into the popliteal artery as near as 
possible to the muscle. In this way, giving the injections through the 
side tube of the cannula during stoppage of the perfusion, we obtained 
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much more regular results. At this period we were still giving the injec- 
tions in a uniform volume of 1 c. c., and the smallest dose giving a definite 
contraction of the muscle was, in several experiments, 5. Later ex- 
perienoe suggested that, even in the earliest stages of an artificial per- 
fusion with Locke’s solution, there was an incipient edema, by which 
the weak solutions used for injection would be further diluted on the 
way to the muscle fibres. Under these conditions the effect increased 
very steeply with increase of the dose. Thus, with a resting tension of 


Fig. 1. Spinal cat. Tension record from gastrocnemius, perfused with warm Locke’s 
solution. a, contraction in response to injection by arterial cannula of 207 ACh.; 
b, maximal motor nerve twitch. 


0-5 kg., when a maximal twitch excited through the nerve produced an 
additional tension of 2 kg., an injection of 5y ACh. might cause a con- 
traction of 0-5 kg., 10y one with a tension equal to or greater than the 


maximal twitch, and 20y one with the remarkable tension of 6 kg. in 


excess of the resting tension, as illustrated in Fig. 1. It will be seen that 
this contraction, recorded on a fast drum, though definitely slower than 
the twitch, is still very quick. The curved path of the lever point, which 
the calibration scale shows on the resting drum, somewhat exaggerates 
the apparent quickness of the earlier part of the rise; but it corre- 
spondingly diminishes the apparent speed of the latter part, and it can 
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be safely estimated that the whole rise to this high tension occupies not 
more than 200 msec. The relaxation is practically as quick, except for 
a weak contraction remainder, which delays the final return to the resting 
tension. We obtained a number of records of this kind with the perfusion 
technique, but we observed that, in order to obtain these large responses 
to small injections, it was necessary to make them very early in the per- 
fusion. After perfusion had proceeded for 20-30 min., though the response 
of the muscle to stimulation through the nerve was undiminished, the 
effects of ACh. injections, though still striking, became smaller, and the 
threshold dose became greater. When this diminution of response had 
set in, it progressed steadily with continued perfusion, even when no 
intervening injections were given, and we observed after-effects of ACh. 
injections on the response to nerve stimulation, which will be considered 
later. We were led to associate these changes in response with the early 
beginning and rapid increase of an cedematous condition of the muscle 


_ perfused with the saline solution. Eventually, after long perfusion, when 


the muscle had become grossly cedematous, injections of acetylcholine 
which had initially evoked large, quick contractions, sometimes caused 
none at all, and only affected the subsequent response to nerve stimulation. 

Such results emphasized the fact that the stimulant effects were de- 
pendent, not only on the dose of ACh. entering the muscle, but on the 
rapidity with which it reached the site of its action, presumably at the 
motor end-plates, in a stimulating concentration. For such purposes the 
artificial perfusion method was suitable only in the earliest stages of its 
application. We had recourse, accordingly, to the other method already 
described, in which, during temporary arrest of the normal circulation, 
the injections were made into the empty arteries of the muscle through 
the central stump of the tibial artery. This gave us the best and most 
regular results hitherto obtained. The threshold dose was further lowered 
in most experiments. Even with this method the responsiveness of the 
muscle appeared to differ from one experiment to another; probably we 
failed, on occasion, to secure every one of the fine branches from the 
tibial artery, between the point where the cannula was inserted and its 
origin, with the branches to the gastrocnemius, from the popliteal. In 
the majority of preparations, however, an injection of 5y of ACh. in 
0-5 C. c. caused a contraction to a much higher tension than the maximal 
twitch, and even 2-5y in the same volume produced a tension equal to 
that of the twitch, or somewhat higher, as in Fig. 2. It is safe to conclude 
that, in such a case, a slightly smaller dose, about 2y, would have pro- 
duced the same tension as the twitch. In such cases a small but definite 
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contraction, of 250-500 g. tension, was usually produced by injecting as 
little as 1. We made no systematic attempt, however, to determine the 
threshold dose with any precision, since it could have no more than a 
conventional meaning. Slight differences in the technique of injection, 
as we shall see, could produce a large difference in the effect. We had 
evidence with this method, again, that the dead space due to the volume 
of the arteries and their branches in the muscle itself, though reduced 
to the practicable minimum, still had some effect; so that, if the volume 
of the injection was reduced too much, what was gained in concentration 


Fig. 2. | Fig. 3. 
Fig. 2. Spinal cat. 3-3 kg. Record from with natural circulation. Maxima 


gastrocnemius 
twitches excited from nerve every 10 sec. At a 5y, at 6 2-5y ACh., each in 0-5 c. o., 
by close arterial injection, during intermission of one shock to nerve. 


Fig. 3. Spinal cat. Optical isometric myogram of gastrocnemius, Upper record—maximal 
motor nerve twitch; lower record—response to close arterial injection of 2:5y ACh. 
in 0-25 C. 0. Time 10 msec. 


of ACh, in the fluid injected was more than offset by loss or delay in 
this dead space, and by dilution of what passed into the capillaries, and 
diffused out of them, by the interstitial fluids of the muscle. We found 
that reduction of the injection volume below 0-5 c.c. was not favourable 
to the effect, even of the smallest doses, though 0-25 C. c. was found, on 
occasion, to give as good an effect. One other point should be mentioned. 
The instability of ACh. in high dilutions, at the slightly alkaline reaction 
of Locke’s solution or of the ordinary laboratory saline, led us, as a 
routine, to prepare our dilutions in saline made slightly acid (about pH 5) 
with HCl; and these dilutions were injected at the room temperature. 
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We repeatedly controlled the effects of similarly injecting 0-5-1 c. c. of 
such acidulated, cold saline. In almost all cases the result was com- 
pletely negative, so that the definite response to the same volume con- 
taining 1 of ACh. stood out in sharp contrast; and in one case we 
injected this dose in an immediately prepared dilution in ordinary saline, 
and found it similarly effective. In an exceptional case, however, we 
have observed a very small contraction as the result of injecting the 
acid saline alone into a very reactive muscle. In such a case we made 
no attempt to determine the threshold dose of ACh., but the effect was 
so small as not to complicate those of the strongly active doses. | 
Form of the contraction. With a method giving such regular responses 
to small injections, it seemed desirable to obtain a record more me- 
chanically perfect of the course of the contraction. A few experiments 
were, therefore, made with the isometric torsion-lever, recording photo- 
graphically. Fig. 3 shows such a record of a maximal twitch excited 
through the nerve, and the response to an injection of 2-5y of ACh. in 
0-25 c.c. The tensions produced are, in this case, identical. It will be 
seen that the curve recorded by the ACh. contraction is almost sym- 


- metrical about the maximum, and that the time taken to reach it is 


only about twice that taken by the twitch to reach the same tension. 
The response to ACh. has, in fact, the appearance of a rather slow and 


symmetrical twitch. 


Effect of speed of injection. We had noticed that, even with the most 
direct method of injection into the blood vessels, the effect of a given 


dose was much reduced if some slight obstruction delayed its delivery 


from the syringe. We accordingly made a few injections in which the 
pace was deliberately altered. Fig. 4 illustrates the result. The injections 
were all made, during arrest of the natural circulation, by the tibial 
artery, and the dose in each case was 25 of ACh. in 0-5 c. C., this being 
the dose required to elicit the maximum response to such injections, at 
this stage of this particular experiment. The records were taken on a 
slow drum. For the first injection, at A, the time was only roughly 
estimated, at less than 0-5 sec. The syringe was then carefully adjusted 
to allow the quickest injection possible, against the minimum natural 
resistance, and an injection, at B, was made in 0-2 sec., as nearly as 
could be measured by stopwatch. At C and D similarly timed injections 
were made in 1-5 and 2 sec. respectively, and at E and F two further 


_ injections were given at the maximum speed, the time being again re- 


corded as 0-2 sec. in each case. Probably a more accurate record of the 
tates would have shown that these were, in fact, slightly slower than 
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that at B; but the results show that, in any case, the effect even of a 
relatively large dose can be greatly modified by the rate at which it 
enters the vessels of the muscle. Even an injection made at close range 
into the empty blood vessels will largely fail of its effect, if no special 
effort is made to give it quickly. One other observation, made in our 
most recent experiments, may be mentioned in the same connexion. 
We have obtained larger responses, to smaller doses, with the muscle 
vertically extended and pulling downwards on the lever, than in earlier 
experiments with horizontal extension and pull. We can only attribute 
the improvement to a readier and more complete drainage of the vessels 


— 
5 


Fig. 4. Cat under ether, Response of gastrocnemius to 25y ACh. in 0-5 .c.c., 
injected at different speeds. See text, 


by the vein, during the brief interval between closure of the popliteal 
artery and delivery of the injection; presumably this slightly accelerates 
the access of ACh. to the site of its action. 

Size of dose. As already indicated, with successful injection . 
the best conditions obtainable, into a fresh, active muscle, the maximum 
response was obtained with an injection of about 20y. Under the same 
conditions an increase of the dose up to 100y produced no significantly 
greater effect, though after such larger doses there was more tendency 
to a contraction remainder—the appearance of a weak contracture de- 
laying the latter part of the relaxation. This effect was sometimes obvious 
even with smaller doses, It is particularly so in the responses to 5 and 
2-5y seen in Fig. 2; and in this case it is also to be seen that the muscle 
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’ continued, for some time after the direct responses to the injections were 
~ finished, to give weak, partial twitches, between the maximal twitches 
excited through the nerve. Such weak twitches were often seen, however, 


in the muscle as exposed and arranged for our purpose, without any 
injection of acetylcholine; and the apparent accentuation of this tendency 


> after the injections, seen in Fig. 2, was not a regular occurrence, and 
may have been accidental in this case. 


All this experience with injection, by different methods and under 


varying conditions, gave a cumulative emphasis to the importance of 


speed of access to the site of action on the muscle fibre, presumably the 
motor end-plate, in the production of quick contractions of normal 
mammalian muscle by small doses of ACh. This was probably the chief 


Cause of the failure of earlier workers to obtain any effects with such 


small doses, and of the irregularity of the effects which they observed 
with larger doses, when injections were made into the general circulation, 
apart from the destruction of ACh. by the blood esterase on its way wa 
the muscle. 

Effect of anesthetics and other conditions. According to the ite 


11935 a] the effects which they described, as the result of intravenous 


injections of large doses of ACh., were not obtainable in animals under 
ether. Most of our experiments were made on spinal animals, after 
removal of the preliminary ether, but we made a few for comparison on 
cats kept continuously under ether. With our method of close-range 
arterial injection, ether certainly did not suppress the response of the 


muscle to ACh. The contractions illustrated in Fig. 4, for example, were 
obtained in a cat which was deeply under ether during the whole experi- 


ment. The threshold dose in this experiment was 2-5y, rather higher 
than in most similar experiments on spinal animals, but not so much 
so as to suggest a severe depression. It must be remembered, however, 
that we made the injections in saline solution, directly into the vessels 
drained of blood. We note later the influence of ether on the effect of 
eserine. We think it probable, therefore, that the effect of anesthetics 
has played some part in obscuring the stimulant action of ACh. on normal 


_ Mammalian muscles, as in the recent observations of Rosenblueth 


et al. [1936], who injected large doses intravenously into cats under dial, 


without observing any directly stimulant effects. The ease with which 


the conditions requisite for the action of injected ACh. may be disturbed, 
is shown by another experience of our own. Wishing to keep the muscle 


longer under perfusion without producing the unfavourable oedema, we 


perfused, in one experiment, with the solution of hemolysed corpuscles 
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described by Amberson & Héber [1932]. This gave us an admirable — 


perfusion, and the muscle remained for hours free from significant oedema 
and fully responsive to stimulation of its nerve. Injections of ACh., 
however, were ineffective in doses less than those which had otherwise 
given maximal contractions, and even these produced only weak re- 
sponses. In some way the use of this perfusion fluid apparently delayed 
the passage of ACh. from the capillaries to the muscle fibres, and thereby 
largely suppressed its stimulant effect. 

After-effects of injection. When ACh. is injected into the vessels of the 
muscle during interruption of a normal circulation, or of an artificial 
saline perfusion in its earliest stages, the twitch given by the muscle in 
response to stimulation of the nerve appears to be completely normal, 
as soon as a contraction caused by ACh. is over and the circulation 
restored. This is the case, whether the dose injected produces a response 
of smaller or of greater tension than the twitch. Simonart [1935 b] 
records that the response of the muscle to nerve stimulation is potentiated 
as an after-effect of injecting 0-5 mg. of ACh. into the aorta, and de- 
pressed as an after-effect of 5 mg. The records which we illustrate in 
Figs. 2 and 7 might suggest a slightly increased response to the maximal 
shocks given regularly to the nerve, following the injections of 5 and 
2-5y in Fig. 2, and 5y in Fig. 7. We suspect, however, that these effects, 
which are in any case small and inconstant, may be due to the vaso- 
dilator effects of the ACh. injections, which would persist long after the 
contractile response, and improve the nutrition and warming of the 
muscle. In Simonart’s experiments it seems possible that such a dose 
as 0-5 mg., carried by the blood directly to the leg under experiment, 
might there cause some vaso-dilatation, and consequently improve the 
response of the muscle to nerve impulses, in spite of the presence of 
sufficient atropine to prevent a depressor action by that remainder of 
the ACh. which reached the general circulation. We have not used doses 
large enough to cause a significant depression of the nerve twitch in the 
fresh and normal muscle. On the other hand, we have regularly observed 
that when, after long perfusion with Locke’s solution, the muscle showed 
much cedema, an injection of ACh., even in a dose too small to cause a 
contractile response, was followed by a definite weakening of the twitches 


evoked by maximal shocks to the nerve. The effect to be expected of 


these conditions would be an abnormal persistence of ACh. in the inter- 
stitial fluids, in a concentration too weak to excite the end-plates; and 
apparently a dose which has never produced a sufficiently rapid rise to 
a stimulant concentration, can produce this depression if it thus persists 
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in the muscle. We shall return to the point in considering the action of 


eserine. 

On one matter of some interest we have as yet made no experiments, 
namely, the response of the muscle to a nerve volley during the con- 
traction produced by an injection of ACh. The proper exploration of 
changes in such response, at different phases of the rapid ACh. contrac- 
tion, will obviously require special arrangements for timing the nerve 


stimulation in relation to the injection, and we hope to undertake it in 


d 
ͤ ͤ ͤ the denervated muscle 


The regularity with which powerful contractions are obtained from 
the denervated mammalian muscle, in response to the injection of even 


_ small doses of ACh. into the general circulation or the arterial stream of 
tthe limb, has been recorded by several observers [cf. Frank et al., 1922; 


Dale & Gasser, 1926; Dale & Gaddum, 1930]. Such results made it 
clear, not only that the denervated muscle was much more sensitive to 
ACh. than the normal muscle, but also that its response was much less 
dependent on rapidity of access. We have confirmed these points with 
our new methods of injection in a few experiments on the gastrocnemius 
of the cat, denervated by aseptic section of the sciatic nerve under ether 


from 10 to 18 days previously. With injections made into the tibial artery 


during temporary arrest of the circulation, such muscles gave definite 


contractions in response to as little as 0-001), or lc.c. of a 1 in 10° 


dilution. It was necessary to make these low dilutions immediately, in 


ordinary saline, since the acid saline caused distinct contractions by 


itself. In several cases it was apparent that the smaller doses, when 
tapidly injected, produced contractions which, though slower than those 
of the normal muscle, especially in relaxation, were of the type of con- 
tractions with sharp summits, and not of contractures. With somewhat 
larger doses, such as ly, we observed in several cases a double effect, 
consisting of an initial, sharply topped contraction, followed by a 
secondary, slow contracture. Fig. 5 shows an example of this. Reference 
to earlier publications on the reaction of the denervated muscle shows 
that this double effect has often been figured, but without comment, as 
the result of injections into the general arterial stream [cf., for example, 
Dale & Dudley, 1929, Fig. 3]. With increasing doses the tension of the 
contracture rises above that of the initial contraction, and with still 


larger doses the two become fused. In responses such as those repro- 


duced in Fig. 6, the contracture appears to be represented only by a 
somewhat irregular delay of the relaxation. 
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(iii) Action of curarine 

Gasser & Dale [1926] found that the response of the denervated 
mammalian muscle to ACh. was still obtained after a dose of curare, 
given by the general circulation, which abolished the indirect excitability 
of the normal muscle. Simonart [1935 ö] confirmed this resistance to 
curare of the action of ACh. on the denervated muscle, and we have 
confirmed it again, using the more accurate comparison made possible 
by our method of close-range injection. Fig. 6 shows the effects of in- 
jecting successive doses of ACh. into a denervated gastrocnemius by the 


Fig. 5. Fig. 6. 
Fig. 5. Spinal cat. Record from denervated gastrocnemius, 14 days after nerve section. 
Perfusion with Locke’s solution. Effect of ly of ACh. by close arterial injection. 


Fig. 6. Spinal cat. 3-3 kg. Record from denervated gastrocnemius, 21 days after nerve 
section. Close arterial injections. 4, 0-25y ACh. Between A and B 1-4 mg. curarine 
intravenously. B, ly ACh. Between B and C s further 1-4 mg. curarine intra- 
venously. C, ly ACh. 


tibial artery, during arrest of normal circulation. Between A and B, 
1-4 mg. of curarine hydrochloride had been given intravenously. This 
almost, but not quite, abolished the reaction of normal muscles to nerve 
stimulation; and it will be seen that ly of ACh. was now required, to 
produce an effect on the denervated muscle similar to that which was 
produced by 0-25y before curarine. A second dose of 1-4 mg. of curarine, 
making a total of 2:8 mg., then completed the nerve paralysis of the 
normal muscles; but it only further reduced the response to ACh. of 
the denervated muscle, from that shown at B to that shown at C. It 
should be added that the denervated muscle, in any case, shows some 
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- reduction of its response to successive, equal doses of ACh., though not 


of the extent here seen with curarine. The results show that, while the 
effect of ACh. on the denervated muscle is not completely resistant to 
curarine, it is, in conformity with previous evidence, much more resistant 


than the effect of nerve impulses on the normal muscle. 


Simonart [1935 5] found, on the other hand, that the responses of 


the normal cat’s muscle to ACh., which he observed with arterial in- 


jections, were suppressed by curare about as readily as the response to 
indirect stimulation. By comparing the effects on a regular series of 
maximal twitches excited through the nerve, and on the reproducible 
effects of small, close-range injections of ACh., we are able to state that 


Fig. 7. As in Fig. 2. A, 5y ACh., during intermission of one nerve shock. Between A and B 
0-7 mg. curarine intravenously. B, 5y ACh. C, 10y ACh. Between C and D a further 
0-7 mg. curarine intravenously. D, 25y ACh. 


these effects of ACh. on the normal muscle are even more sensitive to 


curarine than are those of nerve volleys. We have made such comparisons 
by the method of artificial perfusion, and by that used with natural 
circulation, the curarine in the latter case being given intravenously. 
Fig. 7 illustrates an experiment by the latter method. It will be seen 
that, before curarine, 5y of ACh. produces a contraction stronger than 
the maximal twitches. After an initial dose of 0-7 mg. of curarine the 


twitch responses to maximal nerve volleys show only a small decline, 


while the formerly stronger effect of 5 of ACh. is completely suppressed. 
After a secorid dose of 0-7 mg. of curarine the nerve twitch is greatly 
reduced, but even 25 of ACh. now produces an even weaker contraction. 


It will be seen that, following each such dose of ACh. there is a slight 


recovery of the strength of the following nerve twitch; Rosenblueth 
et al. [1936] have recently described a partial recovery from à curare 
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paralysis following the injection of a large dose of ACh. (1 mg.) into the 


general circulation. We should add that, with a muscle rendered cede- 
matous by perfusion with Locke’s solution, so that injected ACh. tends 
to linger in its tissue spaces, the after-effect of an ACh. injection may be 
to intensify, instead of weakening, an incomplete paralysis by curarine. 
(iv) Actions of eserine 

We expected that eserine, by protecting the ACh. from the action of 
esterase, which it might meet on the way to the site of its action, would 
intensify the action of submaximally effective injections. The effect was 
clearly seen with long-range injections through the aorta and iliac artery; 
in one such case an injection of 10y of ACh. produced no effect on the 
gastrocnemius before eserine, but, after intravenous administration of 
0-3 mg. of eserine per kg., caused a contraction nearly as strong as a 
maximal nerve twitch. With the close-range injections this potentiating 
effect was perceptible, but was less pronounced. The tension produced 
by a submaximal injection might be increased by 30 or 50 p.c., and the 
threshold dose was lowered; but the potentiation was less than we had 
expected. The most striking effect of eserine on the effects of such in- 
jections was, indeed, not on the contractile response, but on the de- 
pression which followed it. We have seen that, with natural circulation, 
the nerve twitch following a response to an injection of :ACh. was not 
depressed, but might show a fractional increase; under the action of 
eserine the tension of a maximal nerve twitch was always diminished, 
as an after-effect of an injection of ACh., to an extent and over a period 
increasing with the size of the dose injected. It appeared that ACh., 
after its stimulant effect at the end-plate was over, was enabled by 
eserine to linger in the spaces of the muscle, and to reduce its response 
to the nerve impulse. During this depressant after-action of one injection 
of ACh., another similar injection also had a greatly reduced stimulant 
effect. We have seen that cedema of the perfused muscle might produce 
a similar effect, and the phenomenon was seen in its most striking form, 
when a muscle had been perfused until cedematous with Locke’s solution 
containing eserine in a high dilution, such as 1 in 105. In such a muscle, 
an injection of ACh. which failed to produce a contraction would some- 
times completely abolish, for a time, the response to maximal nerve 
stimuli, which would slowly recover. Rosenblueth et al. [1936] have 
described such a curare-like action of acetylcholine injected into the 
general circulation under eserine. They found that, when thus paralysed 
to nerve stimulation, the muscle would still respond when stimulated 
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directly. Nevertheless, our evidence of the adjuvant effect of saline 
edema strongly suggests that this depressant action is produced, not 
by ACh. which reaches the end-plates in stimulating concentration, but 
by that which lingers, especially when protected by eserine, in contact 
with the muscle fibres as a whole. 

Fig. 8 shows, for comparison, the effects of 1, 5 and 25y of ACh. 


injected by the perfusion cannula into two gastrocnemius muscles of 


Fig. 8. Spinal cat. Both gastrocnemii perfused with Locke’s solution, upper record 


without eserine, lower record with eserine 1 in 10%. In each case, at A ly, at B 5y 
and at O 25y of ACh. by arterial cannula. 


the same cat. The upper record is from one muscle perfused with Locke’s 


solution only, the lower record from the other muscle, perfused with 


Locke’s solution containing eserine 1 in 10*. Both records were taken 
at corresponding, fairly early stages of perfusion, before any obvious 
edema had appeared. It will be seen that the ACh. injections into the 
muscle perfused without eserine have no depressant effect on the suc- 
ceeding nerve stimuli; whereas, in the case of the muscle perfused with 
eserine, even ly of ACh., producing no perceptible contraction of the 
muscle, is followed by a seigounced and long lasting — of * 
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The most striking effect of eserine which we have observed, however, 
was not on the response of the muscle to injections of acetylcholine, but 
on the twitches excited by stimulating the nerve. The effect is well seen 
under the following conditions. In a spinal cat, freed from preliminary 
ether by artificial respiration, a tension record is made of the twitches 
of a muscle, such as the gastrocnemius or tibialis anticus, in response to 
a regular series of maximal break shocks applied to the nerve at 10 sec. 
intervals. When initial irregularities and staircase effects are at an end, 
and the muscle is recording a perfectly regular series of maximal twitches, 
an injection of 0-2—0-3 mg. of eserine per kg. is given into a vein, after 
a preliminary dose of 1 mg. of atropine to prevent circulatory depression 
by the eserine, After a minute or so, a twitch is recorded which is dis- 
tinctly stronger than its predecessors in the regular series, and the 
potentiation then rapidly and steadily increases with successive twitches, 
until, after a further 4 or 5 min., each twitch reaches a tension which is 
often twice as great as that of the normal twitch before eserine. The 
greatest increase which we have recorded was to 2-3 times the normal. 
The effect remains at the maximum for some minutes, and then very 
gradually subsides. The suprarenal glands play no part in the effect, 
which is produced unchanged after their removal. After an hour or 
more, the twitches are usually slightly weaker than before eserine. The 
effect can then be repeated by a further similar injection of eserine; the 
second period of potentiation usually begins with a shorter delay, but, 
though sufficiently impressive, it is never so great as that following the 
first injection of eserine. We have repeated this experiment a number of 
times, and with uniform results under the conditions named. Some of 
these are illustrated in Figs. 9 and 10. In Fig. 10, interposed between 
the nerve twitches, omitting one stimulus to the nerve in each case, the 
effects of injections of ACh. are shown, made before and during the action 
of eserine. It will be seen that the first ACh. contraction under eserine, 
though somewhat potentiated, is definitely less so than the nerve twitches. 
The depressant effect of an ACh. injection after eserine, on the following 
responses to nerve stimulation, is also well seen in Fig. 10. 

The potentiating effect of eserine on the maximal nerve twitch is so 
obvious, and so regular in its occurrence, that it is natural to enquire 
why it has, apparently, not been previously described. As long ago as 
1876 Harnack & Witkowski, in a very early account of the action 
of eserine, stated that it lowered the threshold of response of the frog’s 
muscle to stimulation through its nerve. Neither they, nor any subse- 
quent observers, however, have recorded a potentiated response of the 
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5 : frog’s muscle to maximal nerve volleys, such as we have observed in 
the mammal, Kruta [1935] observed no such effect with immersion of 
Bb the frog’s muscle in Ringer's solution containing eserine; and, in a few 


Ee : Fig. 9. Spinal cat. Eviseerated. Suprarenais removed. Gastrocnemius record. Maximal 


1 8 break shock to sciatic nerve every 10 sec, At + 0-2 mg. eserine per kg. intravenously — 


Fig. 10. Spinal cat. 2-6 kg. Gastrocnemius record. Maximal break shocks to sciatic nerve 
every 10 sec. At 4, C and D, 25y ACh. in 0-5 c. c. by close arterial injection, during 
intermission of one shock to nerve. At B, 0-8 mg. eserine intravenously, 


preliminary experiments made in this laboratory, Z. M. Bacq has found 
that perfusion of frog’s muscle with solutions of eserine, up to a strength 
of 1 in 105, causes no potentiation of its response to maximal break shocks 
applied to the nerve. We may conclude then that, for some reason, the 
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frog’s muscle does not show the particular effect of eserine which we have 
observed so regularly in that of the mammal. 

The potentiating effect of eserine on the response of the mammalian 
muscle, however, is completely suppressed by ether. We have not yet 
studied the effect 6f other anesthetics upon it, but it seems likely that 
their use accounts for the failure of earlier workers on mammalian muscle 


anesthetized with dial, state that the. effects of injecting eserine alone, 


Fig. 11. Upper tracing: record from gastrocnemius of cat, 2-6 kg., under ether. , Maxima 
break shock to nerve every 10 sec. At A, 0-52 mg. eserine intravenously. Lower 
tracing: record from denervated gastrocnemius (11 days) of spinal cat, 3 kg. Maximal 


on the response of the muscle to nerve stimulation, were “‘weak and 
irregular,” In Fig. 11 the upper record is from one of our experiments 
in which the cat was throughout under the influence of ether. It will 
be seen that an injection of eserine has here no effect of the kind which 
it regularly produces in the spinal animal; the effect was regularly absent 
in the experiments which we made under ether. In the muscle denervated 
by degeneration, eserine produces no potentiation of the twitches caused 
by direct stimulation with maximal induction shocks, as shown in the 
lower record of Fig, 11; and in the normal muscle which has been rendered 
completely insensitive to excitation through the nerve, by the action of 


to observe so cleat an action. Rosenblueth et al. [1936], using cats 


break shock directly to muscle, every 10 sec. At A 0-6 mg., at B 0-9 mg. eserine 
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1 a large dose of curarine, there is similarly no trace of potentiation by 
te eserine of the twitches caused by direct stimulation. The potentiation 

by eserine, therefore, represents an abnormal enhancement of the re- 
pponse of the muscle fibre to the excitatory effect of a nerve impulse, 


y Fig. 12, Optical myogram and action potential of gastrocnemius of spinal cat, 26 kg. 

aoe (1) before eserine; (2) 3 min. after 0-8 mg. eserine intravenously; (3) 10 min. later; | 
(4) 2 hours later. 

and to no other kind of stimulation of those we have tried, except that 

produced by injection of acetylcholine. 

: The potentiated nerve “twitch” under the influence of eserine is 

: 1 longer in duration, as well as higher in tension, than the normal twitch. 

Ik the all-or-none principle holds good, it must represent the effect of 

2 repetitive response, and presumably of a more or less synchronous 
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series of responses of all the fibres. Such preliminary records as we have 
made, of the electrical variations accompanying such a response, entirely 
confirm this view of its nature; in place of the single wave of negativity 
seen with the normal twitch, the response under eserine shows a series 
of waves in rapid succession, the second following the first at an interval 
of 5 msec. or less, and the others following at increasing intervals and 
with diminishing amplitude. The effect merits a more exact and detailed 
study than we have yet been able to give it, but its general nature can 
be seen in Figs. 12 and 13. The potentiated effects under eserine evidently 


Kg. 


Fig. 13. Same experiment as Fig. 12. Upper record: as in Fig. 12, 14 min. after eserine, 
Vith higher amplification of action potential. Lower record: higher film speed; action 
potential with concentric electrode; 2 hours after eserine. 


have the nature of a brief tetanus, composed of a series of diminishing 
responses. It is, in fact, the kind of effect which might be expected as 
the result of a continuous but rapidly diminishing stimulus to the muscle, 
causing it to give a series of responses, each at a later stage of the re- 
fractory period which follows its predecessor, until the stimulus falls 
below the threshold. We have seen that this effect is only produced on 
the response of the muscle to nerve stimulation, and there seem to be 
only two ways in which it could be produced. On the theory that the 
wave of physico-chemical disturbance constituting the nerve impulse is 
directly transmitted to the muscle fibre at its end-plate, the effect must 
be due to a repetitive response of the nerve, under the influence of eserine, 
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to a stimulus normally causing a single volley. So far, our electrical 
records from the nerve, during the potentiation of the muscle response 
by eserine, have given us no evidence of any change in its single reaction 
to a single shock. On the theory that the excitation is not transmitted 
from the nerve to the muscle as a continuous impulse, but by the stimu- 
lation of the muscle end-plate by acetylcholine, released by arrival of 
the impulse at the nerve ending, the effect of eserine appears to find 
a natural explanation, in terms of its known function as an inhibitor of 
the action of cholinesterase. It may, perhaps, be suggested that eserine 
causes a volley, single during its conduction in the part of the nerve 
accessible to electrical recording, to change into a series of diminishing 
volleys in the intramuscular part of the nerve. If the impulse were, 
indeed, repetitive on reaching the nerve ending, the response of the 
muscle could be accounted for on either theory. But such a supposition 
would have no relation to any known action of eserine, or to any known 
manner of conduction in nerve. The chemical transmission theory seems 
to be the only one which, in this ‘cease, can be related: to facts slneady 
known. 


Discussion 


The evidence which we have presented shows that, when applied so 
as to obtain sufficiently rapid access to the muscle fibres, acetylcholine 
will regularly elicit a rapid contraction from normal mammalian muscle. 
Such a contraction is superficially not unlike the twitch elicited by a 
single volley of nerve impulses, and the dose required to produce it, 
with a tension similar to that of the maximal motor nerve twitch, has 
fallen, with improvement of our technique of injection, to the small 
dimensions of about 2y. If clear evidence had been earlier available of 
this type of reaction of mammalian muscle to acetylcholine, we believe 
that the action of the latter as a chemical transmitter of excitation from 
nerve to muscle would have presented itself as a possibility, even before 
there was evidence of its release by nerve impulses at the motor nerve 
endings. It is still necessary, however, to consider whether the contrac- 
tions now produced by its artificial application are yet sufficiently rapid, 
and whether the doses producing them are yet small enough, to entitle 
us to regard these effects as supporting the chemical transmission theory. 

In the first place, it is true that the contractions obtained in response 
to arterial injections of acetylcholine are not so rapid as the twitch pro- 
duced by a single nerve volley. As already indicated, however, they 
could not be expected to equal that rapidity. Assuming, as seems to be 
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proper, that such rapid contractions are due to excitation propagated 
from the motor end- plates, acetylcholine reaching these structures by 
diffusion from the blood vessels cannot excite them as synchronously as 
its sudden and simultaneous release, in direct contact with every end- 
plate, by a volley of nerve impulses. The best that can be expected, 
from a dose of acetylcholine artificially introduced, is an excitation of 
the end-plates in rapid succession. We shall have to consider later whether 
its effect, when so applied, would be to elicit a single or a repetitive 
response from each fibre. In any case, the fact that, with rises to the 
same tension, the contraction in response to an injection of acetylcholine 
takes about twice as long to reach that tension as does the motor nerve 


twitch, cannot be regarded as presenting any theoretical difficulty to the 


conception of chemical transmission. Superficially, the acetylcholine 


contraction has the appearance of a twitch, though a rather slow one. 


It is an entirely different phenomenon from the contracture elicited from 
the slow muscles of certain lower vertebrates, by immersion in solutions 
containing acetylcholine. 

In considering the size of the dose necessary to elicit such contractions 
we are faced with an apparent discrepancy. The smallest injection with 
which, under the best conditions yet attained, we have produced a con- 
traction with a tension comparable to that of a maximal nerve twitch, 
is about 2y. On the other hand, the largest amount of acetylcholine 
collected by Dale et al. [1936] from a similar muscle, during stimulation 
of its nerve with maximal shocks, corresponded only to one-hundredth 
of that dose—viz. about 0-02y per shock. It must be borne in mind, 
however, that the whole of the acetylcholine liberated by the nerve 
impulses would impinge directly on the muscle end-plates, while a dose 
injected into the blood vessels would diffuse from them into the fluid of 
the interstitial spaces, so that only a small fraction of it would reach 
the end-plates. We have shown, again, that speed of injection, as well 
as dose and concentration, has a pronounced effect on the strength of 
the contractile response; it must be supposed, therefore, that the rate 
of increase of the concentration of acetylcholine up to threshold value, 


in contact with the end-plate, is one of the determinant factors in the 


stimulant effect. A much smaller dose will obviously be effective in 
producing a given rate of such increase, if it is liberated on the spot 
into a minute volume of fluid, than if it has to reach the site of action 
by diffusion through the tissue fluids. It must further be noted that the 
figures given above represent quantities actually injected and collected; 
and while, as already indicated, only a small fraction of the amount 
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injected can arrive with effective rapidity at the site of stimulation, it is 
also certain that less than the whole of the amount liberated by nerve 
impulses reaches the vein for collection, and probably much less. For 
these various reasons, we conclude that the apparent discrepancy, be- 
tween the quantities of artificially injected and naturally liberated acetyl- 
choline associated with the occurrence of equivalent motor responses, 
has no real significance, and creates no difficulty for the conception of 


acetylcholine as the chemical transmitter. 


We have shown that somewhat larger injections of acetylcholine, 
such as 10-20, produce apparently single contractions with relatively 
very high tensions. Simonart [1935 ö], using distant arterial injections 
with uninterrupted circulation, recorded contractions comparable in 
tension to short tetani. He was dealing, however, with relatively very 
large doses, reaching the muscle at unknown rates, and his records do 
not suggest a single contraction of the muscle. We are concerned with 
the rapid, strictly localized injection of doses only from 2 to 10 times 
that required to match the maximal nerve twitch in tension. Such an 
injection often produces a contraction with a much greater tension than 
the twitch, even three times as great, but still with the time-relations 
of a slow twitch, and not of a contracture or a prolonged tetanus. If 
the all-or-none principle is valid for such responses to the direct applica- 
tion of a chemical stimulant, we can only explain these high tensions 
by the summation of repetitive responses of the muscle fibres. According 
to Asmussen [1934] the all-or-none principle does not apply to a muscle 
fibre when directly stimulated, but only to its indirect stimulation 
through its motor end-plate, where the arrival of a nerve impulse pro- 
duces a constant response, but not the greatest of which the fibre is 
capable. It does not seem to be certain whether on this evidence, inter- 
preted in terms of chemical transmission, we should picture the nerve 
impulse as releasing a constant but submaximal dose of acetylcholine, 
and the muscle fibre as capable of giving a stronger single twitch in 
response to the application of a stronger dose to its end-plate; or whether 
the indirect twitch represents the maximum single response which the 
muscle can give to any stimulation of its end-plate. In any case, a larger 
response of the fibre to an injection of acetylcholine cannot properly be 
assumed to be single, without definite evidence that it is not, in fact, 
multiple. We are endeavouring to obtain evidence on the point by re- 
cording the accompanying electrical changes, though we realize that the 
lack of synchronism in the responses of individual fibres, even within 
the limits of a single motor unit, will create unusual difficulties. An 
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indirect suggestion of a probable multiplicity is afforded, however, by 
our evidence concerning the nature of the potentiated response to a 


this case we have already definite evidence that the potentiation is due 
to a repetitive response of the muscle to the single volley, producing a 
contraction which must be of the nature of a very brief tetanus. If this 
effect, as we suggest, is due to the persistent presence of acetylcholine 


suppose that a similar persistence, produced by an artificial injection, 
would similarly cause a repetitive response of the muscle fibres, though 
with such a lack of synchronism as to make its nature more difficult to 
demonstrate. This seems the most likely interpretation of the high 
tension responses to injections of 10-20. The mechanical records of 
these responses, however, have the same appearance, resembling rather 
slow twitches, as the contractions evoked by smaller injections, with 
tensions similar to, or lower than, that of the single nerve twitch. There 
is no sign of any change in the type of the response, from the weakest 
to the strongest so obtained, but simply an increase in the tension pro- 
duced, and a concomitant increase in the time taken to attain it and to 
relax from it. It seems very probable, therefore, that any conclusion 
as to the nature of the stronger acetylcholine contractions will apply also 
to the weaker, and that these latter also involve some degree of repetitive 
response by individual fibres. On this view, any contraction produced 
by injection of acetylcholine would differ in type from a single nerve 
twitch which it might superficially resemble, and would have the nature, 
rather, of a short, asynchronous tetanus!, As already pointed out, only 
a part of the dose injected will reach the motor end-plates rapidly, and 
much of it will remain for a brief period in the interstitial tissue fluid, 
until destroyed by esterase. During that interval it may be supposed 
that it will continue to reinforce the concentration at the end-plates, 
maintaining it at a supraliminal level, and thus causing ore 
responses of the muscle fibres. 

This last suggestion implies a further and very important 1 
namely, that, without such reinforcement, the injected acetylcholine 
would disappear more rapidly from the neighbourhood of the nerve 
endings than from the general body of the muscle, presumably on account 
of a local concentration of the generally distributed cholinesterase. If 
evidence of this could be produced, it would not only confirm the 


1 Note added in proof. 
prove that this deduction is correct. 


maximal nerve volley under the influence of a small dose of eserine. In 


in supraliminal concentration at the end-plates, it seems natural to 
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suggested mode of action of acetylcholine when artificially injected; it 
would also meet one of the chief difficulties which the theory of chemical 
transmission encounters, when applied to the excitation of ganglion cells 
and voluntary muscle fibres. This difficulty is due to the brief refractory 
periods of these quickly reacting cells. We have suggested that a per- 
sistent supraliminal concentration of acetylcholine at the end-plates will 
produce a repetitive response of the muscle. The fact that a single motor 


nerve impulse evokes only a single response of the muscle fibre would 


accordingly entail, on the chemical theory, a fall in the local concen- 
tration of acetylcholine to a subliminal value within the very brief limits 
of the refractory period. The only conception which would provide for 
such a rapid disappearance, on the basis of present knowledge, would be 
a local concentration at the nerve ending, on surfaces in relation to 
which acetylcholine is liberated by the nerve impulse, of the widely 
distributed cholinesterase, which even in weak solution destroys acetyl- 
choline with such remarkable rapidity. If the mechanism required for 
the removal of acetylcholine during the refractory period were, indeed, 
of this nature, it would be expected that eserine, by weakening the 
action of the esterase and thus delaying the removal, would alter the 
effect of the nerve impulse, and probably cause a repetitive response. 
This assumption, of a repetitive response by the voluntary muscle fibre 
to a continuous stimulus applied to its end-plate, does not appear to be 
supported by any exact analogy from previous knowledge. It seems to 
be necessary, however, to account for the effects both of injected acetyl- 
choline and of the nerve impulse under eserine. In earlier papers from 
this laboratory [Feldberg & Vartiainen, 1934; Dale et al., 1936] it 
has been argued that failure to obtain decisive evidence of such an effect 
of eserine, either in the case of the ganglion or the voluntary muscle, 
could not be regarded as necessarily fatal to the conception of acetyl- 
choline as the transmitter of excitation, as Eccles has suggested: it 
might signify no more than the failure of a particular form of experiment 
to demonstrate the existence of one possible mechanism, admittedly the 
most obvious one, for the rapid removal of acetylcholine from the site 
of action. The results which we have now obtained with small doses 
of eserine change the position completely as regards the mammalian 
voluntary muscle. We have there observed, with great regularity, exactly 
the effects to be expected, on the conception of acetylcholine as the trans- 
mitter and cholinesterase as the agent for its rapid removal. A single 
nerve volley, when eserine is present, causes not a single, but a repetitive 
response of the muscle, the successive responses declining in the manner 
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to be expected if the acetylcholine liberated by the impulse disappeared 
at a retarded rate. The details of the effect have yet to be critically 
examined, and considered in relation to the theory. At present it is already 
established that eserine, in the doses employed, has no similar effect on 
the response of the nerve to an induction shock, or on that of the dener- 
vated or curarized muscle to direct stimulation. The repetitive response 
to a single nerve impulse is therefore due to a modification, by eserine, of 
the transmission of the excitation from nerve ending to muscle fibre. 
The readiness with which this action of eserine can be demonstrated 
in the case of the mammalian voluntary muscle, suggests that it may be 
worth while to examine yet further, by different methods, its action on 
the ganglion. In this case, however, there are two complicating actions 
which are, at least, less obvious in the case of the muscle—the depressant 
effect on ganglion cells of eserine itself in still weak concentrations, and 
the secondary depressant effect of acetylcholine, persisting in the ganglion 
after its stimulating action is ended. This latter effect is clearly per- 
ceptible in the muscle also, when acetylcholine is given by injection 
during the action of eserine. It appears to be due to the persistence of 
acetylcholine in the muscle outside the nerve endings; for when, under 
eserine, the muscle is responding regularly to successive nerve volleys 
by maximally potentiated contractions, an injection of acetylcholine, 
even in a dose causing a much smaller contraction, is followed by a de- 
pression of the response to the after-coming volley. The prominence and 
persistence of this depressant effect of injected acetylcholine in the per- 
fused muscle, in which stagnant fluid easily accumulates in the inter- 
stitial tissue, and the fact that under these conditions it can be produced 
by an injection of acetylcholine even without eserine, are further in 
favour of the view that it is due to action on the muscle fibre as a whole, 
and not on its end-plate. Such facts, again, are in harmony with the 
conception of the cholinesterase as concentrated at the nerve endings, 
and as more weakly represented in the rest of the muscle, where eserine 
will more completely suppress its action, and where acetylcholine will 
more readily persist. Briscoe [1936] and Cowan [1936] have described 
phenomena which recall the Wedensky inhibition; when rapid rhythmic 
stimulation is applied, at a rate normally producing a maintained tetanus, 
to the nerve of a muscle under eserine; and it is tempting to speculate 
whether these effects may not be due to the escape of acetylcholine, 
accumulating at the nerve endings under those conditions, into the 
general tissue spaces of the muscle. The phenomena have certainly a 
suggestive similarity to those described in the ganglion by Brown & 


$ 
* 
2 E. 
% 
‘Fee 
» 
4 
p's. 
2 
N 
of 
4 
3 
* 
a 
2 
i 
7. 
ay 
* 
2 
2 
omy 
2 
4 


ACETYLCHOLINE AND MAMMALIAN MUSCLE 423 
Feldberg [1936]. There are, however, many of the phenomena of the 


excitation of muscle through its nerve, the interpretation of which will 


need to be reconsidered in the light of a theory of chemical transmission, 
if this should eventually win acceptance. In particular, the reactions of 
the voluntary muscles of different vertebrate types, with their different 
kinds of nerve ending and different forms of reaction to acetylcholine, 
may require separate consideration. We are here dealing only with the 
transmission of excitation from nerve to muscle in the mammal, and the 


observations presented in this paper, with those described in the fore- 


going paper by Dale et al. [1936], seem to us to be compatible with a 
form of chemical transmission, in which the direct stimulant of the muscle 
fibre at its end-plate, acetylcholine, is liberated by arrival of the nerve 
impulses at the nerve ending, and destroyed during the refractory period 
by a local concentration of cholinesterase. These facts are: (1) that 
acetylcholine, identified as such, is liberated by impulses at motor nerve 
endings; (2) that acetylcholine, when suitably injected into the muscle, 
produces the kind of contraction which the transmitter should produce; 
and (3) that a suitable dose of eserine causes the muscle to give a short, 
waning, tetanic response to a single, synchronous volley of nerve 
impulses. 
SUMMARY 

1. Acetylcholine, when injected, with adequate rapidity, directly 
into the empty arteries of a normal mammalian muscle, causes contrac- 
tion of the muscle at not less than half the speed of a maximal motor 
nerve twitch. An injection of 2+ will cause a contraction with a tension 
similar to that of such a twitch, and an injection of 10 or 20y one of 
several times that tension. 

2. This quick response of normal mammalian muscle, to injected 
acetylcholine, is abolished by curarine even more readily than its response 
to nerve impulses. It is not affected by atropine, in doses which annul 
the muscarine action of acetylcholine. 

3. In the spinal cat, a moderate intravenous dose of eserine (0-2- 
0-3 mg. per kg.) causes the response to a maximal nerve volley to change 
from a simple twitch toa repetitive response of the nature of an evanescent 
tetanus, with a maximum tension twice that of the normal twitch, or 
even greater. Eserine has no effect on the twitches given by the dener- 
vated or curarized muscle, in response to directly applied induction shocks. 

4, It is suggested that these observations are compatible with a 
particular method of chemical transmission of excitation, from nerve to 
voluntary muscle, in the — 
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THE ANTAGONISM BETWEEN CURARINE 
AND ACETYLCHOLINE 


By GRACE BRISCOE 
ces the London School of en Women) 


(Received July 10, 1936) 
Ir has been shown recently [Briscoe, 1936] that the mutual antagonism 


between curarine and prostigmin (or eserine) is such that normal muscular 


action can be restored when a subparalytic dose of curarine is given to an 
animal suffering from acute prostigmin or eserine depression. 

Two alternative theories of curarine action were discussed. First, that 
curarine removed the depressant effect of prostigmin by speeding up the 
destruction of chemical transmitter, counterbalancing the delaying action 
of prostigmin by removal of excess; second, that curarine acted by raising 
the threshold point at which excess of the transmitter was able to exert 
its depressant power. 

In view of this uncertainty and of the probable identification of 
acetylcholine as the transmitter, it is of interest to find that a similar 
antagonism with reversal of effect can be shown between curarine and 
acetylcholine. 
METHODS 

Nerve-muscle preparations of quadriceps with natural circulation 
have been used, the muscle being fixed in a vertical position. The tendons 
of the other leg muscles are cut. The blood pressure is recorded, and 2 mg. 
of atropine injected intramuscularly to prevent severe falls of pressure. 
The condition of the muscle is tested by short (1 sec.) spells of iterative 
stimuli with a 2-sec. interval between spells. In unpoisoned muscle the 
responses to this type of stimulation are regular in size and maintained 
for the period of stimulation, whether the rate be slow or fast. (30-150 
per sec.). 

RESULTS 

When a dose of acetylcholine is injected into the central stump of one 
iliac artery it produces contractions of the leg muscles of the opposite 
side, provided the injection is carried out with sufficient rapidity. These 
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contractions are prevented by intravenous curarine. Simonart [1935] 
has shown that curare abolishes the contractions obtained by a similar 
method of injection into the arterial circulation. Brown, et al. [1936] 
have found that curarine abolishes the much more powerful contractions 
obtained by injecting small doses of acetylcholine with maximum rapidity 
into the. blood vessels of the muscle during temporary arrest of the 
circulation. 

A small dose of acetylcholine (0:2 mg.) injected while the muscle is 


responding to regular short spells of stimuli may cause an improvement in 


subsequent contractions if the stimuli used are submaximal in strength 


A B C D — 


Fig. 1. Quadriceps. Cat. Dial. Submaximal stimuli (150 per sec.), 1-sec. spells with 2-sec. 
intervals. A. 0-2 mg. ACh. injected immediately after second response, followed by 
small contraction due to the drug and augmentation of subsequent responses to 
stimulation. B. 1 mg. ACh. injected after second response, temporary depression. 
C. 1 mg. ACh. after second response during recovery from 0-1 mg./kg. curarine. De- 
pression almost cancelled. D. Deeper curarization. Responses twitch-like. E. 1 mg. 
ACh. after second response, temporary improvement. 


(Fig. 1A). Simonart (loc. cit.) has recorded that small doses of acetyl- 
choline (up to 0-5 mg.) cause some potentiation on the effects of subse- 
quent stimulation of the nerve, and that larger doses (5 mg.) cause de- 
pression. Under the conditions of my experiments doses of 1 mg. have 
caused depression and diminution in size of contraction for several seconds 
following injection (Fig. 1B). In some instances the contractions have 
been reduced temporarily to less than a tenth of their normal size. The 
: —" effects are shown whether the rate of stimulation be fast or 
w. 


A very small dose of curarine is sufficient to abolish this depression. In 


Fig. 10 recovery is taking place from a dose of 0-1 mg. /kg. of curarine. 


This degree of mild curarization is not perceptible except to prolonged 
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stimulation [Briscoe, 1935], but it is sufficient to counteract the de- 
pressive effect of 1 mg. of acetylcholine. With deeper curarization there is 
a rise in stimulation threshold, the responses become twitch-like without 
plateau formation, and successive contractions decrease rapidly in size 
(Fig. 1D). Under this greater degree of curarization the same dose of 
acetylcholine (1 mg.) depressant to unpoisoned muscle produces augmen- 
tation of size of contraction and attempts at plateau formation for a few 
seconds after the injection (Fig. 1E). As compared with Fig. 1B the effect 
of a given dose of acetylcholine has been reversed. When the effect of the 
curarine has disappeared, the same dose of acetylcholine again causes 
depression. 


Fig. 2. Records on fast drum. Time n seconds. Arrows show cessation of stimulation. 
A. Normal response to short spell of stimuli at 150 per sec. B. Same stimuli applied 
during partial curarization. I mg. ACh. injected during second response. Third response, 
instead of further impairment, shows improvement in size and some plateau formation. 


In Fig. 2B the effect of acetylcholine on curarine twitches is shown 
on a fast record. The injection is made during the second response. The 
third response instead of being smaller than the second is larger than the 
first and is better maintained. 

Rosenblueth e al. [1936] have described an increase of contraction 
when acetylcholine is injected into a partially curarized animal. The 
augmentation (without eserine) does not appear so rapidly as in my ex- 
periments, probably due to the fact that the acetylcholine was injected 
into the venous circulation. f 


Discussion 
In the present experiments the action of prostigmine or eserine in 


delaying destruction of transmitter is absent. Curarine therefore cannot 
be acting by counterbalancing a retardation. The observations are in 
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favour of the second theory of curarine action, namely that a subparalytic 
dose has so altered the threshold that a given dose of acetylcholine is 
brought below the depressive level and is able to act as an exciting agent. 
This probability is reinforced by the observation, shown with small doses 
and minimal stimuli, that curarine raises the threshold for stimulation. 
The method of distant range arterial injection of acetylcholine pro- 
duces feeble results compared with the strong contractions obtained by 
the close range method of Brown et al. It is better adapted for showing 
the after effects of acetylcholine injection, potentiation or depression of 
the responses to nerve stimulation. It is significant that these after effects 
are very similar to those obtained by alternating slow and fast rates of 
stimulation [Briscoe, 1934]. Under suitable conditions of anzsthesia the 
stages of transition from potentiation to depression were shown without 
the use of any drugs, by allowing the after effects of different length 


spells of fast stimulation to show themselves against a background of 


— contraction. 


SuMMARY 


In partial curatization the effect of large doses of acetylcholine i is 


reversed, temporary augmentation of contraction being seen instead of 
depression. 


Iam gretly indebted to Sit Henry Dale for his interest and advioe, and to Dr H. 
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The formation of an additional fibre layer in the developing 
rat retina after radiation. By A. GLücksMANN and KaTHaRINE 
Tanstey. (From the Strangeways Research Laboratory, Cambridge, and . 
the Department of Physiology, University College, London.) 

Profound changes may be produced in the subsequent development 
of the retina if it is subjected to y-radiation while still in an immature 


condition. Quite small exposures to radium are followed by a complete 


disappearance of cell division for about 6 hours. Mitosis then reappears, 
but many of the dividing cells are markedly abnormal and the recovery 
is accompanied by a widespread cell degeneration in the outer part of 
the retina which is still undifferentiated at the time of the exposure. 

The newborn rat is a suitable animal for experiments on the effect of 
radiation on the developing retina, since the eye is quite immature at 
birth and the retina is not fully differentiated until about 14 days later. 
In a 2-day-old rat the ganglion cells, inner fibre layer, and inner part of 
the inner nuclear layer are already differentiated, while the rest of the 
retina including the outer part of the inner nuclear layer is still composed 
of a mass of undifferentiated cells. 

If the eye of a 2-day-old rat is exposed for 12 minutes to an intensity 
of 280 Sievert-units of y-radiation, scattered degeneration can be observed 
among the undifferentiated cells of the outer part of the retina about 
12 hours after the exposure. Later, as a result of the return to normal 
cell division on the outer edge of the retina, the degenerate cells become 
localized in a band 31. the differentiated from the undifferentiated 
layers. 

About 2-3 days after exposure to y-rays the dead cells in this band are 
replaced by fibres, thus forming a new fibre layer which splits the inner 
nuclear layer into two. Treatment of the specimens with de Castro's 
modification of Cajal's silver impregnation method shows that this 
new fibre layer contains nerve fibres. These are as follows: (1) fibres 
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connecting the ganglion cells to the outer part of the inner nuclear layer, 
(2) fibres connecting the inner part of the inner nuclear layer to the 
nuclei of the visual cells situated in the outer nuclear layer, and (3) hori- 
zontal fibres connecting the cells of the inner and outer parts of the inner 
nuclear layer. In the normal retina in which the two parts of the inner 
nuclear layer are not separated from one another, the fibres of (1) would 
run in the inner fibre layer, and those of (2) and (3) would be within the 
inner nuclear layer. 

This additional fibre layer is only produced by moderate doses of 
y-tays. If the dose is too large the greater part of the outer retina may be 
destroyed, while if it is too small there is not sufficient degeneration to 
form a necrotic band effectively separating the inner from the outer part 
of the inner nuclear layer. 

The new layer can also only be obtained if the retina is e at 
the right stage of development, i. e. 2-3 days before the appearance of the 
outer fibre layer. At this stage fibres are normally about to appear con- 
necting the visual cells and the outer cells of the inner nuclear layer to 
the rest of the retina, and it seems that some of these take the path of 
least resistance and run in the necrotic zone produced by radiation. 


The effect of hearing on speech. By P. M. T. KRRRIDOR. 
(From University College, London, W.C.1.) 


Although it is well known that a total inability to hear speech is 
followed by dumbness, it is not widely recognized that there occur many 
degrees of defective speech coincident with hearing defects of differing 
amounts. Such speech is heard from children who were born deaf, or 
who became deaf in the first few years of life before the speech habit was 
well formed. The common defects, — as they o occur in order of 
increasing deafness, are: 

(I) Monotony of tone. 
(2) Omission of s, sh, ch (high-frequency 3 
(3) Unnatural intonation. 
(4) Poor phrasing and lack of rhythm. 
(5) Slow speed. 
(6) Bad articulation. 


Speech with these defects will be i with deaf children, 
and with a gramophone record. 
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= Activity of the guinea-pig uterus under the influence of ovarian 


and gonadotropic hormones. By G. H. BxLL and J. M. Rosson. 
(From the Department of Physiology, University of Glasgow, and the 
Department of Pharmacology, University of Edinburgh.) 

Experiments were performed on three groups of ovariectomized 
guinea-pigs (1) injected with cestrin, (2) injected with cestrin and pro- 
gestin, (3) injected with cestrin and gonadotropic hormone from preg- 
nancy urine. Observations made on the animals included (a) spontaneous 
activity and reactivity to oxytocin of one horn of the uterus left in situ 
and connected to a tambour registering photographically, (b) spon- 
taneous activity and reactivity to oxytocin of the other horn excised 
and suspended in Ringer-Locke solution. There was no appreciable 
difference in the amplitude or frequency of the spontaneous contractions 
observed in the three groups of animals—both in vitro and in vivo. The 
concentrations of oxytocin (the drug was injected intravenously in the 
in vivo experiments) necessary to produce contractions of the uterus in 
situ were higher and sometimes much higher than the concentrations 
required by the isolated organ. The minimal effective concentrations of 
oxytocin (both in vitro and in vivo) were of the same order in the three 
groups of animals. The evidence shows that progestin inhibits neither 
the reactivity to oxytocin nor the spontaneous rhythmic contractions 


of the uterus of the guinea pig. 


A moving-coil oscillograph and short-period galvanometers. 
By A. C. DowWy d. (From the Department of Physiology, Unwersity 
College, London.) 


For the oscillograph a coil of very fine wire is used (20, diameter). 
A considerably greater sensitivity can thus be obtained than with a loop. 
The coil is mounted on a bifilar suspension, the thickness and tension of 
which determine the period. Resonant frequencies up to 6000 per sec. 
can be obtained. The tube is filled with oil to obtain adequate damping. 
A small permanent magnet with high coercive force is fitted, making the 


Instrument small and compact. 


High and low resistance moving-coil galvanometers, having periods 
of 0-1 sec., with sensitivities of 100 mm. and more per pA, at 2 metres 


1 * 
4 
5 
ore 
— 
4 
75 
f 
tof 
* 
7 
a 
2 
‘ 
* 
1 
N. 
* ¥ 
4 
ag 
4, 
* 
. 
* 
4 
* 
4 
4 


4P PROCEEDINGS OF THE PHYSICLOGICAL 


Synchronized action potentials in the cercal nerve of the 
cockroach (Periplaneta americana) in response to auditory 
stimuli. By R. J. Pumparey and A. F. Rawpon-Smiru. (From the 

Laboratories of Zoology and Psychology, Cambridge.) 

The work of Davis and others has conclusively shown that, in response 
to pure tone stimuli within certain frequency limits, synchronous action 
potentials can be detected in the cat’s cochlear nerve [Davis, 1935, etc.]. 
It may be thought that many of the properties which he has demonstrated 
would be common to any group of tactile receptors of adequate sensibility 
(cf. Adrian, 1932]. Such an assembly may be found in the anal cercus of 
the common (oriental) cockroach. In the experiments to be described we 
have however preferred the American species, which is somewhat larger 
and which therefore permits more ready dissection of the associated nerve. 

The nerve from one of the cerci was exposed from the ventral surface 
and, after section as close as possible to the last abdominal ganglion, was 
connected by fine platinum electrodes to an amplifier and cathode ray 
oscillograph. For observation we have used a synchronized linear sweep, 
and for photography a moving-film camera. For stimulating purposes we 
have employed a beat oscillator, amplifier and loud-speaker equipment 
similar to that described elsewhere [Hallpike and Rawdon-Smith, 
1934]. The animal i is installed in a sound-proof, electrostatically shielded 
room, 

The cercus bears several hundred receptor organs, each of which con- 
sists of a slender chitinous hair some 3 mm. in length and approximately 
0-005 mm. in diameter, articulated at its base with the exo-skeleton and 

‘innervated by a single afferent fibre. The structure is fully described by 

Sihler [1925]. 

The following observations have been made: 

(a) The organ shows extreme sensitivity to gross movements of the 
air surrounding it. A gentle puff produces a marked though irregular 
nervous response. 

(6) Using pure tone stimuli of any frequency between 50 and 400c. p. s. 
we find the frequency of the resultant nervous response to be 8 
ized with that of the stimulus (Fig. 1). 

(c) For stimulus frequencies between 400 and 800 c.p.s. the response 
is only partially synchronized; moreover the higher the stimulus fre- 
quency within these limits, the less the synchronous and the greater the 
asynchronous component (Fig. 3). 

(d) At higher frequencies than these a response may be elicited, 


though it is entirely asynchronous. Such a ee persists up to, or 
higher than, 3000 c.p.s. 


—üU—ä—ꝙ 


ͤ w — — 
* 


> 
its 
5. 
i 
3 
4 — 
25 
E. 
< 
E. 
= 
¥ 
£4 
* 
*. 
i 
j 
E 
4 
¢ 
g 
75 
iq 
a 
* 

4 

; 


SOCIETY, MARCH 14, 1936 3 5P 


(e) In the middle range of frequencies the synchrony of a response to 
a sustained tone gradually breaks down, thus reducing not only the serial 
uniformity but also the amplitude of the recorded oscillogram. (See 
Figs. 1 and 2.) This phenomenon we believe to be analogous to the 
“equilibration” detected by Davis [1935] in the mammalian cochlear 
nerve. There is evidence that both the “slow” and “fast” types of 
equilibration [Derbyshire and Davis, 1935] may be found in the 
cockroach. | 

The fact that we find a synchronous initial response at a frequency as 
high as 800 c.p.s. indicates either that the average refractory period of 
the fibres of this nerve is as short as 1-25 msec. (a supposition unlikely, 


Fig. 1. Synchronous response recorded from 
the cercal nerve of the American cockroach, 
immediately after the onset of a pure tone 
auditory stimulus. Frequency of stimulus: 
400 c.p.s. Time: 20 msec. 

Fig. 2. Section of same record as Fig. I. 
0-6 sec. later. Note decreased amplitude 
and synchrony of nervous response. Fre- 
quency and time as above. 

Fig. 3. Largely asynchronous response to a 
tone of frequency 700 c.p.s., after 0-6 sec. 
sustained stimulation. Vertical line indicates 
end of stimulus. Time as above. | 


wt 


* 


since the nerve is unmedullated and the animal cold blooded) or that the 
response exhibits the phenomenon of “alternation” similar to- that 
shown in the mammal [Davis, 1935]. Moreover, the former hypothesis is 
somewhat contra-indicated by the observation that, with a reduction of 
stimulus intensity of perhaps 20 decibels, the response at 800 cycles 
becomes synchronized not to the stimulus frequency but to every other 
wave thereof (400 per sec.). 

It is of some theoretical importance that so primitive a hearing organ 
can reproduce so many of the physiological phenomena associated with 
the vastly more complex mammalian cochlea. : 
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Slow adaptation of a tactile receptor in the leg of the common 
cockroach. By R. J. Pumpurey. (From the Zoological 
Cambridge.) 

In adult insects the capacity of receiving tactile stimuli is believed to 
reside solely in sensory hairs which, while they differ widely in magnitude 
and form, have this in common, that they are each innervated by a single 
afferent neurone in contradistinction to hairs, supposedly oe 
innervated by many fibres. 


200 


Impulses per sec. 


I have stimulated such touch receptors by deflecting the hair by 
means of a fine glass needle mechanically controlled, and have recorded 
the response in the afferent nerve oscillographically. The response of the 
finer hair sensilla is on the whole very similar to the response obtained 
from vertebrate touch receptors [Adrian, 1928]. If such a hair is suddenly 
deflected and the deflection is maintained, the response consists of a short 
burst of impulses of rapidly declining frequency over in a fraction of a 
second. There are however on the leg of the cockroach, especially on the 
tibia (fourth segment of the leg), stout spinous hairs whose response is 
different in two respects. Firstly, adaptation is slow compared with that 
of the finer hair receptors and, secondly, the response for the same 
angular deflection varies according to the direction of the deflection rela- 
tive to the long axis of the joint, being maximal for a deflection towards 
the proximal end of the latter. In Fig. 1 (curve A) the frequency of the 
impulses elicited by a constant deflection of such a sense hair is plotted 
against the time after the onset of the stimulus. Curve B represents the 


3 sec. The frequency 1 sec. after the onset of the stimulus is roughly pro- 
portional to the magnitude of the deflection (in any given direction). 


response to a smaller deflection which was suddenly increased after 
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The initial frequency depends principally on the speed with which the 
deflection is carried out. This response is more closely comparable to the 
response of a vertebrate proprioceptor than to that of a touch receptor. 
In view of the absence of proprioceptors in the somatic muscles of insects, 
it seems possible that such hairs as these may serve a similar function in 
movements such as cleaning the appendages, which are accomplished with 


extreme precision. 


REFERENCE 
Adrian, E. D. (1928). The Basis of Sensation, pp. 78 et seq. 


Adrenaline oxidation and sympathin. By H. Biascuxo and 
H. ScutossMann. (From the Physiological Laboratory, Cambridge.) 


Z. M. Bacq has put forward the suggestion that the differences 
between sympathin I and sympathin E could be explained by assuming 
sympathin E to be identical with a slightly oxidized adrenaline. He 
writes [1935]: “Si l'on pouvait prouver que l'adrénaline légérement 
oxidée perd ses propriétés inhibitrices plus rapidement que ses propriétés 
excitatrices nous aurions la possibilité, actuellement exclue, d’opposer à 
la théorie de vernon et Rosenblueth [1985] une interprétation 
rationelle des fai 

The presence of an adrenaline oxidizing principle i in tissues makes it 
possible to test this hypothesis experimentally. Adrenaline solutions 
were incubated with rat liverextracts[see BlaschkoandSchlossmann, 
1936] and assays of the remaining adrenaline activity were made simul- 
taneously on rabbit’s gut and cat’s blood-pressure. With these two 
methods, of which one makes use of excitatory and the other of inhibitory 
effects of adrenaline, no significant difference in the adrenaline content 
was found in any stage of adrenaline inactivation. This agreement makes 
it unlikely that the — mentioned above gives a true representa- . 
tion of the facts. 
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The inactivation of adrenaline by blood in vitro. By W. A. Bain, 
W. E. Gaunt and S. F. Surroix. (From the Physiology Department, 
University of Leeds.) 

In a previous communication [Bain and Suffolk, 1936] it was 
shown that while adrenaline (10 or 20y per c.c.) added to oxalated or 
defibrinated blood, and incubated at body temperature, loses approxi- 
mately 50 p.c. of its activity in 4 hours, adrenaline in blood to which liver 
tissue has been added is completely inactivated in the same time. We 
have had occasion, before proceeding further with the work on liver and 
other tissues, to study in more detail the inactivation of adrenaline by 
blood alone. 

The adrenaline activity was estimated by blood-pressure assay on 
spinal or urethanized cats. The activity so determined, and on which 
we base our estimate of the amount of inactivation under the different 
circumstances of our experiments, is expressed in terms of adrenaline. 

The construction of inactivation-time curves showed that these are of 
the hyperbolic type for adrenaline in blood and in blood plus liver, and 
approximately linear for adrenaline in blood serum and in blood plasma. 
They showed also that while adrenaline inactivation proceeds to com- 
pletion in blood and liver, blood serum and blood plasma, this does not 
happen in blood alone: in this last an equilibrium is established 
beyond which no further inactivation of adrenaline canbe 
demonstrated. The equilibrium concentration of adrenaline is pro- 
portional to the initial concentration within certain limits. There is also 
some variation, for a given initial concentration, from sample to sample of 
blood. 

Addition of fresh blood to an equilibrium mixture does not result in 
further inactivation of the remaining adrenaline; whereas addition of 
more adrenaline to an equilibrium mixture results in some further in- 
activation, with the establishment of a new equilibrium point. 

That the equilibria are due, in part at least, to passage into the blood 
corpuscles of some of the adrenaline, in which situation it is incapable of 
exhibiting pressor activity, is suggested by the following facts: firstly, 
all the adrenaline activity of an equilibrium mixture is present in the 
plasma; secondly, hemolysed corpuscles from an equilibrium mixture 
exhibit adrenaline activity, such activity not being shown by control 
hemolysed corpuscles, or by unhemolysed corpuscles from an equilib- 
rium mixture; and lastly, addition to fresh plasma of corpuscles from 


an equilibrium mixture leads to the appearance of adrenaline 9 88 in 
the plasma-corpuscle mixture. 


ate 
2 
2 
. 
* 
3 
4 
3 
. 
a 
2 
2 
m 
* 
* 
‘a 
ia 
— 
> 
— 
Vitek 


SOCIETY, MARCH .14, 1936 9P 
The sum of the plasma and corpuscle adrenaline equivalents of an 


equilibrium mixture accounts for approximately 75 p.c. of the original 
_ adrenaline. It may thus be considered doubtful whether there is any con- 


siderable destruction of adrenaline in blood in vitro at all, for even the 


amount unaccounted for, if it does not fall within the limits of error of the 


method, may be inactivated in some other way. If destruction in blood 
does occur, by oxidation or otherwise, this presumably takes place 


before equilibrium is established, for thereafter no inactivation can be 


shown. Nevertheless, after removal of the corpuscles from an equilibrium 
mixture the plasma adrenaline activity slowly * as it does 
when adrenaline is added to fresh plasma. ö 
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The adsorption of toxin by finely dispersed oil in water 
emulsions. By A. C. Frazer. (From the Physiology Department, 
St Mary’s Hospital Medical School, W. 2.) 


The detoxication of toxin by finely dispersed oil in water emulsions 
has been described by Frazer and Walsh [1934], Myers [1934] and 


Oerskov and Schmidt [1935]. 


The object of this investigation is to establish the nature of the 
detoxicating mechanism. These experiments may be divided into two 


ups: 

Group I. To show that the other constituents of the emulsion are of 
no-great importance in the detoxicating action. 

Group II. To show the importance of the size of the oil-water terasse 
in the detoxicating phenomenon. 

In each series of experiments six guinea-pigs were used in addition to 
the controls for the potency of the toxin. In the original experiments 
4 c.cm. of toxin, containing 5 M. L. D., was mixed at 20° C. with 3 c.cm. of 
emulsion in vitro. After being allowed to stand for 15 min., this mixture’ 
was injected subcutaneously. No ill-effects were seen, but the control 
animals died on the second day. In the present experiments a similar 
procedure was adopted, various solutions being substituted for emulsion 
in each case. Diphtheria and tetanus toxin have been used throughout 
the experiments. All the experiments have been repeated many times 
with both guinea-pigs and rabbits, with identical results. 
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* Group I | 
Series 1. To investigate the influence of reaction on the detoxicating 
action. 
The emulsions used in the original experiments were alkaline, 

H 8-5. 

: (a) Dilute solutions of sodium carbonate, pH 8-5, 9-0 and 10-0, were 
mixed with toxin and injected. All the animals died on the second day at. 
the same time as the controls. 

(b) Emulsion was taken and neutralized just before use. On mixture 
with toxin it showed excellent detoxicating properties. 

(c) Emulsion was dialysed until pH 7-4. Again this emulsion showed. 
normal detoxicating power. 

Series 2. To investigate the effect of sodium oleate upon toxin. 

The emulsions used in some of the original experiments were stabilized. 
with 0-2 p.c. sodium oleate. 

(a) Solutions of sodium oleate were prepared, 0-2 and 0-5 p. o., at pH 
8:5 and 10-0. On mixing with toxin and injecting, it was found that slight. 
detoxicating action had occurred. The animals receiving the injection 
lived for a slightly longer period than the controls; none, however, lived 
beyond the third day. 

(5) Emulsion prepared with liquid paraffin, in which no soap was 
present, showed the usual detoxicating power. 

(o) Emulsions stabilized with gum acacia, in which the amount of 
soap present was minimal, also showed normal protective qualities. 

Group II 

Series 3. To show the importance of the degree of dispersion of the 
dispersed phase. : 

Three emulsions were prepared, the first of normal fineness of dis- 
persion, average size of the particles 4, the second considerably coarser, 
the average particle size about 5, and the third a hand-shaken emulsion 
of extreme coarseness. 

The first showed normal detoxication, the second gave some protec- 
tion and the animals receiving this injection lived for some days beyond 
the prescribed period of 4 days but ultimately succumbed, the third gave 
practically no protection, the animals dying at about the same time as 
the controls. 


Series 4. To show the effect of reduction of the oil-water interface 
after detoxication has been effected. ot 


(a) An unstable emulsion was prepared. Two mixtures were made up 
and the first was injected immediately and no ill-effects were found. The 
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second was allowed to cream and the protection was found to be lost, the 


animals dying shortly after the controls. 

| (6) Two mixtures were made of stable emulsion. One was injected 
and showed detoxication, the second was broken and the water phase 
injected, when death of the animals occurred just after the controls. 


CoNCLUSIONS 


The first series show that the reaction of the emulsion plays no part 
in the detoxicating phenomenon, and the second series demonstrate the 
very small part played by the stabilizer, sodium oleate, and show that it 
is not an essential part of the mechanism. The third and fourth series 
illustrate the importance of the fineness of division of the dispersed phase 
and the correspondingly large oil-water interface. On examination under 
dark-ground illumination the oil particles in these fine emulsions are seen 
to be in violent Brownian movement. Electrophoresis shows that they 
carry a negative charge. Toxins behave as positively charged colloids, 
and can be adsorbed by negatively charged particles, such as kaolin. It 
is suggested that the detoxicating action of these finely dispersed oil-in- 
water emulsions in vitro is a similar — namely adsorption of 
the toxin at the oil-water interface. 


REFERENCES 


Frazer, A. C. and Walsh, V. G. (1934). Brit. med. J. 1, 424. 
Myers, G. N. (1934). J. Hyg., Camb., 34, No. 2. 
Oerskov, J. and Schmidt, S. (1935). Rev. d' Immunologie, 1, No. 4. 


sugar formation from fat. By F. G. Youne.! 


Investigations carried out during the last few years, particularly those 
of Soskin [cf. Soskin, Mirsky, Zimmerman and Crohn, 1935], have 
provided evidence that fatty acids are converted to carbohydrate in the 
mammalian body, but as yet these observations are not easy to correlate 
with the well-substantiated fact that the administration of natural fats 
to fasting normal or depancreatized animals does not lead to an increase 
in liver glycogen content or an enhanced glycosuria. The following calcu- 
lations, based on data in the literature, suggest that the conversion of 
fatty acids to sugar is occurring at a considerable rate in the liver of the 
fasting dog, either in the presence or absence of the pancreas, and the 
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possibility that sugar production from fatty acid is occurring at a maxi- 
mum rate in these conditions, so that the addition of extra fat cannot 
further stimulate carbohydrate formation from this source, must be 
seriously considered. 

Fasting dog. Mann [1927] found that in the liverless dog the infusion 
of 0-25 g. of glucose/kg. body weight/hour, on the average, was required 
to maintain the blood sugar within normal limits. This implies that unless 
the metabolism of the extra-hepatic tissues is altered in a profound but 
undetected manner by hepatectomy, the liver was producing sugar at 
this rate before its removal. Soskin and Mirsky [1935] find that the 
sugar requirement of the tissues of dogs fasted more than 20 days before 
evisceration is normal, so that presumably hepatic sugar secretion is not 
diminished during a long fast, a result in agreement with those of 
Wierzuchowski and Fiszel [1935] who found, by direct measurement 
of the sugar in the blood flowing through the liver, that the liver of a 
28 day fasted dog was liberating 0-25 g. of glucose/kg. body weight/hour, 
i. e. 60 g./day for a 10 kg. dog. The average arteriovenous blood-sugar 
difference in fasting animals is 4 mg. p.c. [Cori, 1931], and if the tissues of 
a fasting 10 kg. dog are absorbing sugar at the above rate of 60 g./day, the 
circulation rate must be expected to be about 100 c.c./kg./min., a not un- 
reasonable figure. That the liver of the fasting 10 kg. dog is actually 
secreting sugar at the rate of 60 g./day is therefore probable. _ 

The fasting dog excretes 0-18-0-30 g. of nitrogen/kg./day[Lusk, 1928], 
indicating that a fasting 10 kg. dog catabolizes not more than 20 g. of 
protein per diem, which could not give rise to more than 25 g. of carbo- 
hydrate each day. Bollman and Mann [1932] find that hepatectomy 
does not significantly affect the blood-lactate level of the dog, while 
according to Wierzuchowski and Fiszel [1935] lactate absorption by 
the fasting dog’s liver accounts for less than 10 p.c. of the sugar secreted ; 
lactic acid absorption might therefore account for about 6 g./day of the 
sugar produced by the liver of the fasting 10 kg. dog. The B. M. R. of such a 
dog is about 500 Cals. per diem [Lusk, 1928]; if this energy were provided. 
by the oxidation of fat only then 500/9=55 g. of fat would be oxidized 
daily, of which approximately 10 p. c., i. e. about 6g., isglycerol, which could 
be converted to sugar; the glycogen of the body might account totally for 

40 g. of carbohydrate [Lusk, 1928], but it is clear that after 2 days or so 
of fasting the source of 60 —(25+6+6)=23 g. of the daily hepatic sugar 
production of the 10 kg. dog is unaccounted for. This discrepancy is so 
great that it seems impossible to account for the facts without assuming 
considerable conversion of fatty acid to sugar in the liver of the fasting dog. 

Depancreatized dog. Mann's [1927] observation that hepatectomy of 
a previously depancreatized dog resulted in a fall of blood-sugar level 
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Similar to that occurring in a normal hepatectomized dog was confirmed 


by Vater, Markowitz and Cahoon [1933], who found that the infusion 
of 0-19 g. of glucose/kg. body weight/hour would suffice to maintain the 
blood sugar at a normal (not hyperglycemic) level. This implies that 
previous to hepatectomy the liver was producing at least 45 g. of sugar 
per diem for a 10 kg. dog. Now a fasting depancreatized 10 kg. dog 
excretes 10-15 g. of sugar and 4-5 g. of nitrogen per diem. The total 
sugar production in the liver is therefore at least 45+10=55 g. of sugar 
daily, the D/N ratio of this sugar formation being at least 55/5=11/1, 
indicating that if all the sugar resulted from protein catabolism 100 g. of 
protein was giving rise to approximately 180 g. of sugar, a manifest 
impossibility. Again sugar production from fatty acid is indicated. 
There has been a tendency for those who do not believe that fatty 
acids are converted to sugar in the animal body to admit, on the basis of 
Mann’s experiments, that the tissues of the depancreatized dog are 
utilizing small amounts of carbohydrate. If the non-protein R. C. of the 
depancreatized dog is really at the fat oxidation level, then the fact that 
the tissues are oxidizing some sugar indicates that somewhere in the body 
there is a process whose R. O. is below that for fat oxidation, of which the 


most probable is the conversion of fatty acid to sugar. 
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The influence of anterior pituitary extracts on the glycemic 
response to insulin and adrenaline in rabbits. By F. G. Youne.’ 


Cope and Marks [1934], finding that hypophysectomized rabbits 
were very sensitive to the hypoglycemic effects of insulin, were able to 
show that injection of crude saline extracts of fresh anterior pituitary . 
gland conferred resistance to action of insulin on normal rabbits, so that 
no hypoglycemic response was evoked by the administration of 2 units 
of insulin. This observation has been confirmed in a number of experi- 
ments, but in the majority of cases it has been observed that the response 
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to intravenous insulin after anterior pituitary administration is not 


eliminated, but takes the form shown in Fig. 1. 


In these experiments the anterior lobe extract was injected twice 


daily for 2 days, the response to insulin being determined on the third 
day after the animals had been fasted overnight. The hyperglycemic 
response to the subcutaneous administration of adrenaline was greatly 
exaggerated by the injection of these extracts, a six-fold increase in the 
response to 20y of adrenaline being obtained in some cases. 


— 
Time in minutes after insulin injeotion 
Fig. 1. Response of a normal rabbit to the intra venous administration of 2 units of insulin 
beſore and after the injection of prolactin (Riddle, Bates and Dykshorn, 1933]. 
100 mg. of prolactin, equivalent to 4 g. of fresh gland, injected totally in 4 doses spread 
over 2 days. | 

Concentration of the factor influencing the insulin response indicated 
that it was associated with the lactogenic fraction, and prolactin pre- 
pared according to the directions of Riddle, Bates and Dykshorn 
[1933] was found to possess in a marked degree the property of influencing 
the response of a normal rabbit to administered insulin and adrenaline 
(Fig. 1). In agreement with the results of Nelson, Turner and 
Overholser [1935], however, the injection of such prolactin preparations 
had no marked effect on the fasting blood-sugar level of rabbits, nor was 
glycosuria: induced as a result of its administration over long periods. 

A possible explanation of these results is that the liver glycogen is 
rendered very sensitive to glycogenolytic stimuli by the administration 
olf the pituitary extracts, so that the hyperglycemic response to adrenaline 

is greatly enhanced, and the breakdown of liver glycogen in response to 
insulin hypoglycemia much exaggerated. That such an explanation is not 
completely satisfactory follows from the fact that, in some cases, no 
; detectable hypoglycemic response to the action of insulin is found. 
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| oe { As yet there is no evidence as to whether the lactogenic hormone itself 


: = is responsible for the above effects, or whether these results are due to 
another factor or factors contaminating these prolactin preparations but 
not associated with preparations of the other anterior pituitary hormones, 
15 which are ineffective in this respect. When one recalls, however, that the 
period of lactation is a time when hypoglycemia is a constant potential 
‘danger, the association of a factor stimulating lactation with that in- 


j ducing an exaggerated glycaemic response to hypoglycemia becomes of 
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The influence of the pituitary gland (anterior) on the 1 8 
7 | action of insulin. By H. P. Marks. 

os In a previous communication, Cope and Marks [1934] reported the 
complete abolition of hypoglycemic response to insulin in rabbits by 
previous injection of anterior pituitary extracts. Such results are difficult 
do reconcile with the view that the pituitary acts simply by facilitating 
mobilization of liver glycogen, and so accelerating the restoration of the 
blood sugar to the original level, after depression by insulin. The observa- 
tions suggested that, in addition, the actual depression of blood sugar 
normally produced by insulin was inhibited. 

5 The effect of anterior pituitary extracts on the peripheral action of 
insulin has therefore been studied in the spinal, eviscerated cat, using 
essentially the technique originally employed by Best, Dale, Hoet and 
Marks [1926]. Most of the experiments were carried out on a uniform 
plan, as follows: After the blood sugar had been stabilized by suitable 
glucose infusion, and muscle samples had been taken for glycogen deter- 
mination, a small dose of insulin was intravenously injected, followed 
1 hour later by a larger dose. After a further hour, the rate of glucose 
infusion was doubled for 1 hour, and the final muscle samples then taken. 
The treated animals received, in most cases, anterior pituitary extract 
equivalent to 10 g. of fresh gland, injected subcutaneously over a period 
of 2-3 days preceding the experiment. These extracts were crude 
pProlactin preparations, which the experiments of Dr F. G. Young had 
____ suggested might contain the anti- insulin activity. The observed insulin 
effects are recorded, as the fall in blood sugar (mg. p. o.) during the hour 
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following each injection (allowing for the general trend of the blood-sugar 
level before the first injection), and as the increase in muscle glycogen 
produced by the combined injections in any one experiment. 


Control Pituitary extract . 
Unite Blood-sugar fall Increasein Unite Blood. enger full Increase in 
insulin —, p.c. muscle insulin p.c. muscle 
injected Ist hr. And hr. glycogen injected ‘Ist hr. 2nd hr. glycogen 
110 111 — 0-15 1/10 26 — — 
11072 82 1356 0-15 1/10+2 20 26 0-07 
| ; 1/10+2 69 83 0-07 
1/4 Bere 0-13 1/10 + 2* 15 104 Nil 
1/4 60 — 9018 1472 50 652 0-03 
136 1/475 90 120 0-06 
| 114 — 0-17 1/4+5* 53 72 ~~ 0-09. 
10 124 — 0-18 275 7 — 0-07 
Dr F. G. e s new method. 11 mg. Gry materia! 
tolg pared by 


It will be noticed that, although there is considerable ‘vatiation j in the 
blood-sugar fall, the amount of glycogen deposited in the muscles is 
remarkably constant over a wide range of insulin dosage, both in the 
control and in the treated animals. In view of this.constancy of glycogen 
deposition, the difference between the two series may be regarded as 
significant. 

The peripheral action of insulin is therefore diminished by the extracts, 
certainly as regards glycogen deposition, but less regularly in respect of 
blood-sugar depression. In some experiments indeed, a substantial fall 
in blood sugar was coupled with little or no deposition of glycogen. This 
suggests that the course of the disappearing sugar is diverted from 
muscle glycogen in some unknown direction. 

One of the most striking results was obtained with the partially 

purified material supplied by Dr Young. It is therefore probable that 
the effect is specific to the anterior pituitary, and not due to tissue ex- 
tractives. 
A slightly increased peripheral action of insulin was observed in 
hypophysectomized cats. Thus, 1/10 unit caused an increase of 0-21 in 
muscle glycogen p.c., as against 0-15 in the control, while 1/4 unit caused 
an increase of 0-28 p.c., as against 0-13 in the control. The fall in blood 
sugar was also slightly greater. 
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Narrowing of the air tubes of the lung produced by 
close warm conditions. By Lzonarp Hit. 


A close warm room causes not only congestion of the membrane and 


_ narrowing of the air way of the nose [1932] but of the breathing tubes of 


the lung. This, a reflex effect produced by the action of longer infra-red 
rays on the skin, can be demonstrated by simple means. The nose is closed 
by a spring clip, while breathing takes place through a mouthpiece held 


8) 


Fig. 1. Nurse Bl. 9 mm. tube: breathing laboured, made easy with fan on A, and arc on B. 


Fig. 2. Nurse Be. 9 mm.* tube: A, fan off, B, fan on; C, fan off, D, arc on. Breathing 
became shallow, frequent and difficult with fan and arc off. 

Fig. 3. Dr R. 9mm.* tube: A, fan on, B, fan off; C, arc on, D, arc off; E, fan on. With fan 
or are off breathing became too difficult. 

Fig. 4. Nurse W. 5-5 mm. tube: A, fan on, B, fan off; C, arc on, D, arc off. Breathing 
became difficult with fan or arc off. The records were taken by connecting the 
manometer with a tambour. : 


closely between the lips. For the mouthpiece a cork will do, pierced by. 

two holes. In one hole is inserted a tube which is connected with a 
water manometer, in the other a tube for breathing through. This tube 
is made small enough for the breathing to be somewhat laboured. Tubes 
with orifice of about 5, 9 or 14 mm.’ answer this purpose. These figures are 
given because people vary in their power to breathe through a narrow 
orifice. Some small young women when at rest are even able to breathe — 
for a time through a tube of only 2} mm. 2, i. e. about the size of a pin’s 
head, while an asthmatic subject may require one of 20 mm. With the 
subject sitting in a closed room, heated by a hot-water coil, or electric 
heater, and. breathing through a tube say of 9 mm.?, the excursion of the 
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manometer at each breath is noted. An electric fan is then turned on, and 
set to blow gently on to, and so cool, the subject’s face. The breathing in 
consequence becomes much easier. 

By some subjects, on their exposure to a source of dull red heat, more 
effort is made to overcome the narrowing of the air tubes; in others the 
breathing becomes shallow, frequent and irregular; these subjects feel 
unable to go on with the test. N 

In about half the subjects the turning on of a small tungsten arc set 
to irradiate the face gives relief as does a fan, but most say the fan is best. 

Physiologists have recognized for a long time that the feelings of 
stuffiness in a close atmosphere are not due to diminution of oxygen, or 


excess of carbon dioxide in the air breathed, or to any other impurity in 


the air. Such feelings are now shown to be accompanied by congestion of 
the respiratory membrane and consequent narrowing of the air ways. 
When people go out of doors to get a “breather’’, or stand before an 

open window during deep-breathing exercises, they are instinctively using 
the stimulus of cold, to widen reflexly their air tubes. In open-air treat- 
ment the same effect is obtained: so too, when sleeping in a room with an 
open window. Some people are much more comfortable with a bright 
source of heat than with a dark or dull red one. For these rays from 
brighter sources acting on the skin reflexly widen the air ways and prevent 
feelings of stuffiness. All rooms should be adequately ventilated, with 
cool air, to prevent narrowing of the air ways and stuffy feelings. 

This research has been carried out with the help of a grant for expenses from the 
Medical Research Council. 
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The influence of changes in arterial pressure on the intrarenal 
pressure in the isolated mammalian kidney. By F. R. Winton. 


(From the Physiological Laboratory, Cambridge.) 


Preliminary experiments on intrarenal pressure [Winton, 1933] 
suggested that whereas this pressure increases during a diuresis induced 

by urea or sulphate, it may fail to increase during a comparable diuresis 
due to a rise in arterial pressure. This, if true, is of theoretical importance 
both in connection with the genesis of intrarenal pressure and in the 
analysis of that curious property of the kidney, namely, its increasing 
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resistance to blood flow at increasing arterial pressure [Winton, 1932]. 


But if intrarenal pressure is attributed to the resistance to expansion 


offered partly by the relatively rigid renal tissue and partly by the 
capsule enclosing it, one would indeed expect this pressure to rise when 


the glomeruli and tubules are distended as they are known to be during 
an increase of urine flow; but an even further rise should occur when a 
like increase of urine flow is accompanied by a rise in arterial pressure 
with a consequent increase of blood flow, and presumably some expansion 
of the blood vessels. The conflict of this expectation with the preliminary 
observation that arterial pressure failed to affect intrarenal pressure led 
to the following more extensive series of experiments. 

In experiments on pump-lung double kidney preparations (dog) the 
intrarenal pressure was estimated as that ureter pressure which must be 
exceeded if a change in the ureter pressure is to affect the urine flow 
[Winton, 1931]. A rise of urine flow due to a rise of arterial pressure was 
sometimes accompanied by a small rise, sometimes by a small fall of 
intrarenal pressure; a fall of urine flow due to a fall of arterial pressure 


was more often accompanied by a fall than by a rise of intrarenal pres- 


sure. The mean change of intrarenal pressure per unit change of urine 
flow so produced was —2-5+18 cm. of water per c.cm. of urine per min. 
(twenty observations). This is to be contrasted with the corresponding 
values obtained when the urine flow is increased either by cooling the 
kidney [Winton, 1934] or by administration of urea; in such experi- 
ments the intrarenal pressure, measured in the same way, regularly rose 
with increased urine flow, the rise being of the order of 45 cm. of water 


per c.cm, per min. in both cases. In each of three experiments on the 


effects of cane sugar (0-4 p. c.), however, the diuresis was accompanied by 
a fall of intrarenal pressure. 

An attempt was then made to discover whether the contrast in the 
responses of the intrarenal pressure to arterial pressure and to urea could 


be demonstrated when other methods of estimating intrarenal pressure 


were employed. First, when venous pressure was substituted for the 
ureter pressure in the method outlined above, the results were the same. 
Secondly, a sclerometer was designed which when placed on the surface 
of the kidney enabled changes in the “tenseness” to be measured; it 
was found that, when the ureter pressure was raised, the kidney did 
not usually become more tense until the ureter pressure exceeded the 
intrarenal pressure measured in the standard fashion; the results of this 
method, therefore, confirm the results previously stated, there being no 
significant increase of tenseness (1-0 + 1-4 in arbitrary units per c. om. per 
b2 
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min.) when the urine flow was changed by change of arterial pressure. 
Finally, a dise of 20 sq. mm. was placed on the surface of the kidney, and 
the depression of the disc when it was loaded with weights of from 2 to 
20 g. was magnified and measured. In this way the compliance of the 
kidney was shown to vary with urea diuresis, a rise of urine flow always 
resulting in a reduced compliance. When the urine flow was varied by 
addition or removal of urea (double pump-lung double kidney prepara- 
tion) the compliance changed 35 4 12½ per mm. Hg per c.c. per min. 
change in urine flow (six observations). When, however, the urine flow 
was similarly varied by changes in arterial pressure, the changes in com- 

pliance were smaller, and more variable; in six observations the change 
in compliance was —18+24 per mm. Hg per c.c. per min. change in 
urine flow. 

In the above experiments the arterial pressure varied from 80 to 
180 mm.: below this range the intrarenal pressure falls; above, it probably 
rises, but within this range the intrarenal pressure is not consistently 
affected by arterial pressure, and in any case is less — than by a 
* diuresis produced by urea or cooling. 
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A universal mains drop recorder. By F. R. Winton. 


The circuit shown below is essentially the same as that employed for 


the precision thermostat [Winton, 1929], with the modification that the 
use of an indirectly heated high-voltage filament valve renders it suitable 
for use on both direct and alternating mains supplies. The grid bias battery 
in the Agate drop recorder circuit [Harris, 1931] and the transformer 
which supplied grid bias in the Bayliss circuit [Bayliss, 1935] are 
replaced by the 20 V drop across the filament itself. 

The valve (DC.P) is a small power triode with 20 V, 0-18 amp. on 
the filament and rated at 20 mA anode current. The anode current 
available on the low voltage A. O. range is, however, only 7-8 mA, and the 
circuit is therefore designed to deliver about this current to the signal, 
whatever the mains supply. As in all such circuits the signal winding is 
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in connection with the mains, and it should, therefore, be insulated from 
the rod supporting the signal, as the kymograph to which the rod is 
attached may be earthed. The condenser in parallel with the signal 
enables a single kick to be obtained from a single drop even on alter- 
nating supply current, instead of the 100 cycles per sec. vibration which 
is given by the a.c. drop recorders mentioned above. The complete instru- 
ment is obtainable from the Unicam Instrument Works, Cambridge, for 
25s., and a suitably sensitive and insulated signal for 15s. On p.c. mains 


4 


Fig. 1. Circuit diagram. Valve DC. P.; plugs: M= mains, S signal, D- drop. Switch P 

selects contact with 500 ohm tapping for A. 0. and with 265 ohm tapping for D. o. sup- 

plies. Switch @ selects tappings 445, 500, 555, 1000, 1110, or 1220 ohm of the mains 
resistance according as the supply voltage is 100, 110, 120, 200, 220 or 240 V. 

Grid leak R = megohm. Condenser C = 12-25 uF according to the inductance of the 
supplies, with the switch in the “alternating current” position the signal 
current is about 22 mA, and will therefore work less sensitive signals 
without appreciably shortening the life of the valve. 

The instrument can be used for many purposes besides drop recording, 
for example, in thermostats or other apparatus in which a valve relay is 
required. Once calibrated, a milliameter replacing the signal can be used 
to give an approximate measure of high resistances or of the capacities 
of nee connected across the drop terminals, as indicated below: 

t nt su 
5 0-003 
0•002 
25 0-0013 
— 0-0006 
0-0002 
0-004 0-5 3˙5 0⁰ 0 
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The resistance of a drop of tap water between the points of two wires 


is of the order of 50,000 ohms, and the instrument is therefore suitable 


for all ordinary liquids for which drop recorders are needed. A low 


resistance and otherwise convenient drop pick-up can be made by letting 
the drop fall from a silver tube connected by a wire to one “drop” 
terminal; the second contact is a wire attached mechanically to, but in- 
sulated electrically from, the tube, and so placed that the drop touches its 
point only when it becomes large enough, just before dropping. 
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Tetanus shock. By R. J. S. MoDOwaILI. 
(From King’s College, London, F. C. 2.) 


If the muscles of the hindlimb of a cat are tetanized by direct electrical 
stimulation, there follows the stimulation a profound and often sustained 
fall of blood-pressure, which may be fatal. The fall does not depend on 
nerves and is not abolished by atropine, but is markedly increased by a 
loss of the impulses from the carotid sinus and the cardio-aortic region. 
During the fall there is an increased capacity of the circulation and 
diminished peripheral resistance. 

The experiments are of interest in view of the finding by Anrep that 
_ histamine is liberated into the blood during muscular activity, and the 

similarity of the shock produced to that produced by histamine. 


Response to different methods of stimulating the vaso-constrictor 


centre. By E. J. McDoveatt and R. J. S. McDowatu. (From King’s 
College, London, W.C. 2.) 


If the vaso-constrictor centre is stimulated by asphyxia, a peripheral 
constriction invariably shows itself in a skinned limb in a plethysmo- 
graph and a diminished flow from the femoral vein. 

If, however, the arterial pressure is caused to rise by cutting off the 
impulses from the carotid sinus, a dilatation or no change i in the skinned 
limb is the rule. Since it is known that loss of the sinus impulses may 
_ cause constriction of muscle vessels, perfused separately, but with nerves 

intact, it is suggested that the secretion of adrenaline and possibly 
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sympathetic vaso-dilatation play a part in preventing the eke 
constriction. The former is supported by the fact that the dilatation is 
specially marked in spring and is absent when the glands are removed. 
There is also an increased flow from the femoral vein which precedes a 
diminished flow. Similar differences have been obtained by Rein, using 
a thermostromuhr on the femoral artery. 


The time-factor of accommodation and repetitive response in 
the nerves of cooled frogs. By BERNHARD Karz. (From the 
Department of Physiology, University College, London.) 

As shown by v. Frey [1883] the medullated nerves of frogs kept for 
several days at low temperature (below 10°C.) may give prolonged 
tetanic response during the passage of a constant current of any super- 
threshold strength. The nerves of such animals have a very slow accom- 
modation process, even after several hours soaking in Ringer’s solution at 
about 16°C. The time factor A of accommodation [Hill, 1936] has an 
average value in normal frog sciatics of about 30 msec. [Solandt, 1936]: 
in cooled frogs, however, in the first hour after dissection, A was about 
250 msec., 4-6 hours after dissection still more than 100 msec. On the 
other hand , the time factor of excitation, was not considerably altered 
(0-6 msec. at 14 C.). Acclimatizing the animals for 2-3 days to room 
temperature lowered A to values near 20 msec. Soaking the isolated 
nerves of cooled animals for several hours in Ca-rich solution, reduced A 
to less than 1/10 of its previous value. 

In all these cases a close relation between A and duration of repetitive 
response to constant current was found. Knowing A and the relative 
strength of constant current applied, one can calculate from Hill's 1936 
theory the time during which the “local potential” remains above the 
rising “‘threshold”’; this time agreed approximately with the duration of 
repetitive response observed. 

The effect on A of acclimatizing frogs to different temperatures is 
possibly due to a variation in the ionized serum Ca and related to the fact 

[see de Boer, 1918] that summer frogs contain twice the blood Ca of 
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A modification of the apparatus for recording electrical pheno- 
mena from the skin. By W. F. FLorp. oo the Department of 
Physiology, Middlesex Hospital.) 


In a recent communication [Floyd and Keele, 1936] reference was 
made to a modified form of the apparatus described by Floyd [1935] for 
the measurement and recording of electrodermal phenomena. The 
present form of the initial stages of the equipment is shown in the 


| accompanying diagram (Fig. 1). 


The constant current circuit employing the saturated triode valve V, 
is unchanged, but a new valve is used at V,. As a result of this innova- 
tion, the grid current in the external grid circuit of V, is reduced to less 
than 0-0005 HA, and, therefore, for all practical purposes, true readings of 
potential are obtained; the error introduced thereby into measurements 
of E. M. y. is vanishingly small. The grid current of the valve used pre- 
viously was of the order of 0-05 HA, under optimum conditions, and, 
therefore, the potential readings were slightly inaccurate. The new valve 
is the Marconi A 577, designed for use primarily in valve-voltmeter 
circuits. The grid lead is brought out to a terminal at the top of the glass 
envelope and, therefore, the leakance is smaller and the input impedance 
greater than in the case of the ordinary triode. The value of the anode 
resistance 7, is so adjusted that the operating anode voltage is less than 
the ionization potential of the residual gas, which, for this valve, is stated 
to be about 30 volts: the anode voltage employed is about 27 volts. 

The apparatus has been modified further by the introduction of the 
valve V;,, the potential dividers Di and D. and the associated circuit 
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elements. The valve V;, is operated in a calibrated voltmeter circuit, 
which is used to measure the total voltage developed across the subject 
when the constant current circuit is in use. The valve employed is a 
Mullard PM2DX. The switches s,, s, and s, are incorporated in a single 
Muirhead key switch. In operation, before the subject is switched to the 
amplifier, the potential dividers are adjusted so that the mean voltage 
across the points X, Y is zero. D, provides coarse adjustment and D, fine 
adjustment, Hence, the balance of the amplifier is undisturbed when the 
subject is finally introduced into its input circuit, and observations of 
E.M.F. variations may be made without further adjustment of the 
amplifier. In this manner the wide range of voltage found in measure- 
ments of E. M. y. from the skin is adequately covered. 
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“‘Curarization”’ by strychnine. By H. D. Bouman, (From the 
Department of Physiology, University College, London.) 


In a previous communication [1936] I showed that the effect of 
strychnine on the excitability time constant of nerve (factor k, or 
chronaxie) can be obtained only if minimal muscle twitches are used as 
index of impulses passing along the nerve. It is possible in this case also 
to abolish the effect of strychnine on nerve chronaxie, by using strychnine- 
Ringer solutions containing four or more times the amount of potassium. 
It is not necessary to apply the excess of potassium and the strychnine 
in the same solution. Nerves were soaked for an hour in Ringer containing 
four or more times the normal amount of potassium, then for an hour in 
normal Ringer, and finally in normal Ringer containing strychnine. No 
change in nerve chronaxie was found. This treatment leads, as usual, 
to curarization, even though no change in nerve chronaxie occurs. This 
curarization cannot be explained by changes in muscular chronaxie. 


Bouman, H. D. ese: J. Physiol. 86, 67 P. 
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Electrotonus in ventral roots of the spinal cord. 
By D. H. Barron and B. H. C. Marrnews. 


In a previous communication [1936] we reported the electrotonic 
spread of potentials originating in the spinal cord along its dorsal rot. 
We find a similar spread occurs along the ventral roots; the electrotonic | a 
potentials recorded here correlate very closely with the discharge of | 
impulses by the motor neurones, as has been shown to be the case for } 8 
some components of the potentials recorded direct from the cord surface < 
by the Umraths [1934] and Gasser and Graham [1933]. We have © 
observed electrotonic potentials in the ventral roots of the frog, cat and hee 
monkey. 

Fig. 1 a shows the slow potential change and impulse discharge re- x 
corded from a lumbar ventral root of a frog (Hungarian) when a small 1 

weight is placed on its foot. We find that the discharge of impulses, how- 
ever evoked, is always preceded and accompanied by a slow potential ce 
change which lasts as long as the discharge, and is always in the same 7s 
direction as impulse potentials recorded from the same electrodes. In x 
Fig. 1 b, e, the nerve has been subdivided until, in o, what appears to be 
the discharge of a single motor neurone remains; the stimulus is a light 
brief pinch of the foot; impulses never appear before the slow potential 
has begun to develop, and cease as it dies away. A slight stimulus can 
produce a small slow potential without impulses appearing. _ 

Adrian [1931] has shown that slow potential changes accompany im- 3 
pulse discharges from the ganglia of water beetles, and Eccles [1936] has 9 
shown that excitation in the cat’s superior cervical ganglion is associated 3 
with a slow negative potential, which spreads electrotonically along the ¥ 
post-ganglionic trunk; the present evidence shows that the electrotonic : 
potential changes of the ventral roots are likewise very closely associated 
with central excitation of the motor neurones, and may possibly be = 
regarded as an electrical index of the central excitatory state. It cannot 5 
yet be determined whether the slow potential change originates as a slow x 
depolarization of some part of the same unit which conducts the impulses, | | 8 
or whether it is a summed effect from many neurones, for as electrotonus | 
can spread from fibre to fibre in a peripheral nerve, the cord structures 
not in continuity with a fibre may presumably influence its electrotonus. : 

We have also employed a preparation consisting of a single segment ( : 
with its roots, cut from a frog’s-spinal cord; after soaking in oxygenated : 
Ringer’s solution for 6 hours at about 1° C., this preparation responds to | 1 
shocks applied to the dorsal root by setting up impulses, after discharge, 1 
and slow potentials in the ventral root much as it did before isolation, 
and forms a convenient preparation for their investigation. A steady 
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potential applied between the cut cord surface and the anterior root 
causes a rhythmic discharge of impulses from the motor neurones. 

We have previously [1936] discussed the evidence that the cord 
potentials are conducted along the dorsal roots by electrotonus. The 


— = : — 


seis: Fig. 1. Slow and impulse potentials recorded from a lumbar ventral root of the frog. 
oe Sensitivity approximately 1 cm. deflection per 100 V. Proximal electrode 3 mm., 
a: distal electrode 10 mm. from the cord. a, Stimulus 2 g. weight on ipselateral foot. 
8 Discharge of impulses in many fibres. ö, c, After subdivision of nerve. Stimulus brief 
i pinching of toes. Time marker at bottom 0-1 sec. intervals. (A slight distortion of the 
oe end the slow potentials occurs, because the first stage of the amplifier was coupled by 
1 ; a AF condenser and megohm leak to the later battery coupled stages.) 
| same criteria hold for the ventral root potentials, namely, their rapid 
} _—« decrement as the electrodes are moved away from the cord; they are not 
_ abolished by novocaine sufficient to stop impulse conduction, but are 
abolished by crushing the nerve. 
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The occurrence of estrin and progestin! in adrenal, testis, 
and hypophysis. By R. K. Catiow and A. S. PARK xs. 


Engelhart [1930] obtained lipoid extracts of the adrenal gland which 
produced cestrous and progestational development in the uterus of the 
immature rabbit. A more detailed examination of lipoid extracts from 
adrenal glands of cattle, horses, pigs and sheep has now been made. 
These were extracted with acetone and, after evaporation of the acetone 
solutions, the residual oils were extracted with benzene, and the fractions 
soluble in methyl alcohol were then separated. Injection of such adrenal 
extracts into immature rabbits sensitized with cestrin produced definite 
progestational changes in the uterus. The extract from horse adrenal 
glands had the highest activity. Separate tests for the presence of 
estrogenic material by determination of the increase in weight of the 
uteri of immature rabbits gave positive results in the case of horse 
adrenals. When the extract was further fractionated by the method of 
Allen and Meyer [1933] for separation of cestrone and progesterone, the 
petroleum ether fraction gave full progestational proliferation, as pro- 
duced by 1 mg. of progesterone, in a dose of 0-5c.c., corresponding to 
200 g. of fresh adrenal gland. Further treatment of the cestrin fraction 
yielded a phenolic fraction containing some of the cestrogenic activity. 
Other investigations have been made on lipoid fractions from adrenal 
glands of cattle and pigs discarded in the course of the industrial prepara- 
tion of cortin. These fractions, generously put at our disposal by Dr M. 
Tausk, of N. V. Organon, have proved to contain both cstrin and 
progestin in considerable quantity. 

The well-known occurrence of cestrogenic material in the mal 
organism, in particular in ‘testes [Zondek, 1934; Courrier, 1934; 
Dorfman, Gallagher and Koch, 1935], prompted an investigation 
of testis extracts on similar lines, and fractions containing cestrin and 
progestin have been obtained from extracts of bulls’ and boars’ testes. 
Bulls’ testes contained the equivalent of 1 mg. of progesterone in 1400 g. 
of fresh tissue, and boars’ testes the equivalent of about 1 mg. in 
1700 g. 

Lipoid extracts from hypophyses have been examined by similar 
methods. An acetone extract of the hypophyses of cattle, for which we 


* Note on nomenclature: Whilst cestrone and progesterone are the names of particular 
chemical compounds, the term cestrin is commonly used for cestrogenic material where the 
active principle is unknown or unspecified, and the term progestin is used here in an 
analogous sense. | 
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a are indebted to British Drug Houses, Ltd., proved to be highly cestro- 


a genic [of. Brouha and Simonnet, 1927], but contained little progestin. 


25 A horse hypophysis extract was less active. 
I Ihe nature and origin of the “cestrin” and “progestin” in these 


4 - endocrine organs can only be a matter of conjecture at present. It is un- 


_ certain whether the active substances in the different organs are identical, 
and the physiological significance of their presence is doubtful. It may be 
that the formation of any particular gonadal hormone, possibly by the 
breaking down of cholesterol, entails the production of others of the known 
series as by-products. On the other hand, male hormones are known 
to have “female” hormone activity [Butenandt and Hanisch, 1935] 
and the cestrogenic activity in male organs may be due to these or to 
similar compounds at present unidentified. As regards progestin in the 
adrenal gland, Wintersteiner and Pfiffner [1935] and Reichstein 
[1936] have separated from adrenal cortical extracts a series of compounds 
with empirical formule suggestive of steroids with a short side-chain like 
progesterone, and cortin may itself be of this type. It is possible, there- 
fore, that either progesterone itself or compounds with similar activity 
are formed as by-products of the a or degradative processes of. 
ring in this gland. 
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Inhibition of ovulation in the rabbit by anti-gonadotropic 
serum. By A. S. Parkes and I. W. RowIANDs. 


The work of Selye and Collip and their collaborators [1934 a, b, c] 
showed that the immunity to stimulation ultimately acquired by animals 
injected over long periods with gonadotropic extracts was due to the 
production of some inhibitory substance in the serum. Their experiments 
have been confirmed by a number of workers, and it is now well established 


. 
E 
| \ 
N. 
F. 
N. 
4 
* 3 
f 
N. 
q 
a> 
43 
* a 
. 
x 
2 
RS 
: 
4 
ion 
3 
; 
+, 7 
5 


30P PROCEEDINGS OF THE PHYSIOLOGICAL 


that anti-gonadotropic activity can be evoked. So far, however, the 
cestrous rabbit, a most convenient test animal for gonadotropic activity, 
does not seem to have been much used for the demonstration of anti- 
gonadotropic activity. 

Following the technique of Scowen and Spence [1936] for the pro- 
duction of anti-thyrotropic serum, rabbits were injected subcutaneously 
with 25 mg. daily of a pyridine extract of acetone desiccated ox pituitary, 
of which 1 mg. given intravenously caused ovulation in 50 p.c. of a group 
of cestrous rabbits. Serum taken 10 weeks or later after the first injection 
was found to be highly anti-gonadotropic, 0-5 c.c. inhibiting the ovula- 
tion-producing action on cstrous rabbits of 2-5 mg. of the original 
extract. 1c.c. inhibited that of 5mg., and so on. That the effect of the 
serum was not limited to inhibiting the activity of the original antigenic 
extract was shown by its capacity to inhibit similar extracts from the 
horse pituitary. Further, the serum, prepared against chemically treated 
ox pituitary, inhibited the ovulation-producing effect of saline extracts 
of fresh ox and sheep pituitaries. 

These experiments showed that serum could be made capable of 
_ passively immunizing cestrous rabbits against the ovulation-producing 
activity of injected extracts. It was then necessary to find out whether 
the same serum could immunize the animal against the ovulation-pro- 
ducing activity of its own pituitary, an experiment for which the rabbit, 


ovulating only after mating, is especially suitable. Groups of mated g 


rabbits were given various amounts of serum 5-15 min. after mating. It 
was found that the percentage ovulating decreased as the amount of 
serum was increased ; 5 c.c. inhibited ovulation in over 80 p.c. of rabbits 
and 10 c. o. in all. Some of this serum was very kindly tested by Dr J. 
Hammond, Cambridge, who was able to confirm its power to inhibit 
ovulation in the mated rabbit. Anti-gonadotropic serum produced by 
the rabbit in response to chemically treated ox pituitary extract is thus 


capable of passively immunizing another rabbit against the ovulation- 


producing substance secreted by its own pituitary after mating. 
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Resistance of spinal vaso - motor centres to anemia or asphyxia. 


By Syn Farper. (From the J.-F. Heymans Institute of Pharma- 
cology, University of Ghent.) 
It has been shown by Hey mans and his co-workers [1934, 1935] that 


the bulbar centres (respiratory, cardio-regulatory and vaso-motor) of the 


dog possess a surprising degree of resistance to acute anmia or asphyxia, 
and may be revived after the circulation to the centres has been stopped 


for as long as 30 min. It was thought worth while to extend these obser- 


vations by a study of the resistance of the spinal vaso-motor centres to 
acute ansmia or asphyxia. | 

All experiments were carried out on dogs under chloralose anesthesia. 
Two dogs were used in each experiment. The spinal cord of a dog B was 
severed at the level of the second or the third cervical vertebra. Respira- 


tion was maintained by artificial means. The innervation of the spleen of 


dog B remained intact, but its circulation was isolated. The splenic artery 
of dog B was connected with the carotid artery of a dog A, and the splenic 
vein to the external jugular vein of dog A. All vascular connections were 


effected by means of Payr cannule. Plethysmographic registration of the 


volume of the perfused spleen, the innervation of which remained intact, 
was used as an indication of the activity of the spinal vaso-motor centres. 
When artificial respiration to “spinal” dog B was stopped and circula- 


tion to the spinal centres of dog B arrested, constriction of the spleen of 


dog B, still perfused by dog A, began almost at once and continued 


usually for 3 min. This was followed by slow, progressive dilatation for a 


period averaging 22 min. longer. Evidences of vaso-motor activity in the 
spinal dog could therefore be demonstrated for an average of 25 min. 
after cessation of respiration and circulation in such an animal. 
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The genesis of somatic behaviour in mammalian embryos. By 
W. F. WMWDIR (Chicago). (From the Physiological Laboratory, Cambridge.) 

Myogenic contractions of skeletal muscles can be obtained in cat and 
rat embryos as small as 11 or 12mm. long when faradic shocks are 
applied directly over the muscles. The first muscle which contracts moves 
the forelimb. 
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Another form of somatic behaviour, appearing before spontaneous 
movements, can be induced by mechanical and electrical stimulations of 
embryos 12-5-14 mm. long. Gentle flipping of a forelimb or tapping 
upon the amniotic sac over the forelimb sometimes results in a rather 
quick movement of the limb. Similarly, tapping the snout region or 
applying a faradic shock to it may cause an extension of the head. In 
somewhat older embryos, flipping the hindlimb gives a hindlimb move- 
ment, or tapping the amniotic sac over the caudal end of the specimen 
may produce a quick flexion of the caudal end of the trunk. Similar 
responses have been obtained in ‘such widely different animals as the 
chick, rat, guinea-pig and cat, and, more recently, in a number of sheep 
which I have had the opportunity of investigating at Cambridge. 

The interpretation which I place upon the above is that they are local, 
isolated movements, independent of and not as yet incorporated into any 
behaviour pattern; that each involves the nervous as well as the muscular 
system and probably more than one neurone. I suggest that these 
embryonic movements are essentially reflexes of an elementary sort. They 
should not be confused with myogenic contractions, from which they 
differ in a number of respects. They are obtainable, if quick entrance into 
the uterus is made, only when the physiological condition of mother and 
embryo is very good; but myogenic contractions can be had from speci- 
mens recently dead. They are not obtainable with every stimulus because 
a relatively long fatigue period follows each elicited movement; but 
myogenic contractions can be induced repeatedly. A perceptible latent 


period, not seen upon stimulation of muscle, often follows the application 


of a stimulus which results in one of these reflex-like responses. There can 
be little question that head movement resulting from snout stimulation 
is a type of reflex, because the effector lies some distance from the region 
stimulated. The characteristics of the forelimb movement resemble those 
of the head response. Furthermore, a forelimb movement exactly like 
that which follows tapping upon the amnion over the forelimb occurs 
after applying a faradic stimulus to the spinal cord region as far caudad 
as the base of the tail. This suggests the passage of at least one synapse 
by the impulse which gives rise to the forelimb response. 

Development of intrinsic structure of the central nervous system has 
been studied by means of the pyridine silver stain applied to the cat and 
rat embryos which were tested physiologically. The spinal cords of two 
groups of embryos of like species, sizes and ages, one of which showed 
nothing but myogenic contractions and the other group exhibited reflex- 
like responses of the forelimb, were compared histologically. The only 
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marked difference is the more extensive development of collateral 
branches of primary afferent neurones which complete the first uni- 
‘segmental spinal reflex arcs in the motile specimens. Quantitative com- 
parison of these collaterals shows an average increase of 85 p.c. in motile 
over non-motile rat embryos and a greater increase in the cat. Although 
there seem to be no true peripheral sense organs at the time somatic 
behaviour begins, anatomical reflex arcs involving se ne connector 
and effector neurones have become established. 

On the basis of observations summarized here, I invite a consideration 
of the probability that mammalian somatic behaviour has its genesis in 
simple, non-integrated, spinal type reflexes. 


‘Simultaneous ligature of the carotid and vertebral arteries 
in the dog. By C. Lovarr Evans and Apit Samaan. 


The arteries were simultaneously tied at aseptic operation! under 
atropine and morphine-ether anæsthesia in three young dogs. Each of the 
four arteries was divided between ligatures at the root of the neck. The 
dogs made an excellent recovery, one being killed at the 19th day for 
examination of the central nervous system, the other two being allowed 
to survive. (Demonstrated at meeting.) 

Apart from transient post- operative irritability which lasts 12 days 
and which is allayed by small doses of morphia (0-4-0-7 mg. per kg. 


‘subeutaneously), animals behave apparently like normal dogs. Even as 


early as the third day after the operation they are lively, keen, interested 
in surroundings, respond readily to external stimuli and eat well. Weight 
is gradually gained. 

The blood-pressure’ determination by the arterial puncture 
method, performed under local novocaine anesthesia [Heymans and 
Bouckaert, 1931; Samaan, 1935], reveals a definite increase from the 
normal level of 110-125 mm. Hg to 150-185 mm. Hg: it is probably 
related to the diminished pressure in the carotid sinuses [Hering, 1927]. 
Later, the hypertension tends to decline towards the normal level. The 
average heart rate shows at first a pronounced transient acceleration, 
independent of atropine, lasting 2-3 days (the rate increasing from the 
normal of 85-110 to 180-190 beats per min.), then slows down to about 
130-150 beats per min. and finally returns to within the normal limits in 


1 Performed by Adli Samaan. 
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2-3 weeks after the operation. The sinus arrhythmia was observed as 
early as the fourth day. The respiration rate presented no definite 
change, The palpebral, corneal and pupillary (light) reflexes are intact; 
the histology of the central nervous system will ultimately be studied 
and possibly observations on conditioned reflexes in such dogs may be 
investigated. 

The recovery of the operated dogs demonstrates beyond doubt that 
the cerebral circulation is efficiently maintained by arterial channels 
other than those ligated. Indeed the recent works of Greeley and 
Greeley [1930], Heymans and Bouckaert [1935] and of Nowak and 
Samaan [1935] draw attention to the importance of the spinal arteries 
which convey blood from anastomotic branches of the muscular, inter- 
costal and lumbar arteries to the proximal part of the spinal cord and 
brain. A carmine-gelatine anatomical preparation of the arterial supply 
of the brain after ligating the carotid and vertebral arteries at the root of 
the neck also illustrates this. 

The fourth dog, which did not receive morphia before ether adminis- 
tration, died in convulsive attacks shortly after the operation. 
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i A note on the potential difference across the stomach membranes 


in human subjects, and a simple type of calomel electrode. 
By G. S. Abam and E. N. Goopman 


ͤͤ 


was felt for the development of methods giving more information con- 


cerning the stomach membranes, and therefore an investigation of 


2 the potential differences across such membranes has been undertaken. 


Sarre [1934] gives references to earlier attempts to measure potentials 
across the stomach membranes. 
In this work it was necessary to devise a simple and portable type of 


r le with a constant potential. Platinum wires were sealed 


through the ends of glass tubes, 300 mm. long and 6 mm. in diameter. 
The tubes were filled to a depth of 30 mm. with dry mercury, and a thick 
suspension of mercurous chloride in 3-5 N KCl was added (depth 50 mm.). 
The tube was then connected to a funnel and heated on the outside by a 


| : stream of hot water, and then filled with 3 p. o. agar solution in 3·5 V KCl 


and allowed to cool. 
These tubes were connected to rubber tubes with glass tips filled with 


„ agar KCl. The joints were vaselined and bound with rubber tape. The 


tips were usually immersed in tubes of KCl protected by paraffin wax. 
Two of the 300 mm. tubes were placed in slightly wider tubes, containing 
mercury, and copper leads, and protected from rapid temperature changes 
by means of a thermos flask. Under these conditions the potential 
difference between the two electrodes was small (0-4 mv.) and constant. 
In each experiment a rubber tube containing a string soaked in KCl 
was passed to the stomach of the subject, either by the nose or the mouth, 
and connected to the electrode tip by a tube containing 3-5N KCl. The 


_ second electrode was connected by a needle to the blood in an arm vein, 


or to an abrasion of the skin, a procedure suggested to us by Dr K. von 


Kramer. 
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In the experiments with the second electrode in a vein, the potentials 
exceeded 100 mv. and varied rapidly. In experiments with the electrode 
in contact with abrased skin, the following observations were made. 

The electrical resistance of the system is so low that a simple form of 
moving pointer galvanometer (400 ohms) can be used to measure the 
potentials, in conjunction with a potentiometer. No difficulties attri- 
butable to polarization were encountered. In all cases the potential 
of the electrode in the stomach is negative, relative to the electrode 
on the skin. The variations in the potential with time of four subjects 


Psy 


are recorded in Fig. 1. A rise in the potentials was noted about 15-20 
min. after taking milk, which may be correlated with the secretion of 
gastric juice. In two cases an immediate fall in the potential was noted, 
possibly due to neutralization of acid by milk. The results are influenced 
by the time interval between the last meal and the initial reading. 
These observations must be regarded as a preliminary exploration. 
Further work to standardize the physiological conditions is desirable. 
It must be remembered that the observed potential may be affected by 
the concentration gradients and diffusion rates of ions across all the 
numerous phase boundaries between the skin and the stomach. 
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The oxygen content of blood in the carotid and umbilical arteries 
of the foetal sheep. By G. S. Aparr, J. BArcrort, D. H. Barron, 
E. N. Goopman, E. H. Hatt, K. e O Baum, J. F. Pacs 
and A. E. 


Huggett [1927] isi the average O, content of the foetal blood 
in the umbilical and carotid arteries respectively as being 5-9 and 2:84 vol. 
p.c. (goat). Kellogg [1930] gives the oxygen content of the blood 
within the two ventricles of the dog fœtus as practically the same, 


2-41 vol. p.c. Huggett’s figures support the hypothesis that the streams 


of blood from the placenta and great veins cross to some extent in the 
heart; Kellogg’s that these streams mix completely. 

Eight determinations made by us on the sheep foetus gave the fol- 
lowing results: 


Percen saturation — Oxygen content 
Serial Fetal (vol pe) (vol. p.c.) 


These support Huggett’s contention. The general run of our figures 
is higher than those of either of the above observers, but Huggett’s data 
were made on goats approaching term, when the oxygen content . the 
blood tends to fall. 

It is perhaps noteworthy that our procedure resembled that of 
Huggett and differed from that of Kellogg in that we did not open 
the chest or perform cardiac punctures; on this difference in procedure 
and on the fact that we took special precautions to prevent self-reduction 
of the drawn blood may depend the differences between our results and 


those of other observers. 
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sheep (days) Carotid A Umb.A Diff. Carotid A Umb. 4A 
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The role of muscle hemoglobin. By G. A. MIKA 

It is now known that muscle hemoglobin is fitted in the following 
ways for acting as an oxygen reservoir to tide the muscle over from one 
contraction to the next: ard 

(1) It has a higher oxygen affinity than blood hemoglobin. 

(2) It can combine with oxygen and dissociate from it very rapidly 
(less than 1/100 sec.). 

(3) Its concentration in the muscle is of the right order of magnitude. 


Fig. 1. 


Direct proof of this function has, however, up to the present, been 
lacking. By direct spectroscopic and photoelectric observation we can 
now see and measure exactly what happens to the muscle hemoglobin 
inside the fibres of an unexcised mammalian muscle during rest, con- 
traction and recovery. The preparation is the soleus muscle of the cat, 
with intact nerve and blood supply. Light from a pointolite source passes 
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. transversely through the muscle and either into a spectroscope for visual 


observation or into a differential photoelectric colorimeter, connected to 


n galvanometer, whose deflections are photographed on moving bromide __ 
paper. It has been shown that there is a nearly linear relation between 


the galvanometer deflection and the degree of oxygenation of the 


pigment, 


Portions from a typical record have been traced in Fig. I. Ata the 
femoral artery was clamped off, shutting off all blood supply to the 


> muscle. The slow reduction of oxy-muscle hemoglobin (about 1 p.c. per 
geo.) corresponds to the rate of resting oxygen consumption. At ö the 


circulation was again stopped (the muscle having fully recovered in the 


- meantime), and tetanic stimuli were given at c and d, the circulation | 
~ clamp being finally released again at e. Tetanic stimuli in the normal 


limb without impaired circulation were given at f (4 sec. contraction), 


a and 9 (12 sec. contraction). In each case approximately 20 p. o. of the 


total oxygen capacity of the muscle pigment was utilized inside the first 


second of contraction, and over 50 p. c. was utilized in 4 sec. It is seen, 


therefore, that the muscle hemoglobin begins to play its part in yielding 


1 up its oxygen at the moment at which the muscle contracts. 


Metabolism and size of organs. By O. KrSTNER. 
(Introduced by E. W. H. CrurcxsHanr) 


Small animals have a relatively greater metabolism than large 
ones. Two years ago I published a paper which maintained that this fact 


could not be explained by the relative size of surface area. Small animals 


have relatively large internal organs (heart, liver, kidney, glands and 
intestines) which have a metabolism relatively higher than that of the 
rest of the body. Small animals, and especially young animals, have a 
relatively greater brain than large and adult animals, and the nervous 
system has the highest metabolism of all. 

I have collected more material on the differences in size of animal 


4 4 organs, ¢.g. rats, rabbits, dogs, oxen and humans. Pigs, sheep and 


guinea-pigs give similar results. The curve for the growth of the brain is 
almost parallel to the abscissa. Curves for liver, heart and kidney vary 
with the 2/3 power of the body weight. The weight of muscle i ncreases 
more quickly than that of the body, while the organs with the lowest 
metabolism—fat, skin and wool—increase most rapidly of all. 
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In most animals the differences between the organs may be due to a 
difference in age, a large brain and a large liver being reminiscent of the 
foetus. In dogs only can we compare adult animals of very different 
sizes. Richet and Klatt published independently the weights of the 
brains of about 300 dogs weighing from 2 to 58 kg., and Richet gave also 
the figures for the livers of dogs between 2 and 42 kg., so that it is 
possible to observe brain and liver differences in adult animals. The 


same differences can be seen on comparing a mouse with a young rat of 


the same weight. 

As the brain is such a small organ one would imagine that the 
variations in its size could not be sufficient to explain the differences 
in metabolism. The blood supply to the brain, however, is very high. 
Henry Barcroft found in dogs, with a weight of 10 kg., a cardiac out- 
put of about 800 c.c. per min., and Mrs Gollwitzer-Meier and Eckard 
last year found that similar dogs had a blood supply to the brain of 
110 c.c. which is about 13 p. c. of the cardiac output. Two years ago, in 
‘my laboratory, Bamberger and Never found that the venous blood 
from the sinus of a human baby contained less O, and more CO, than 
other venous blood, so that the O, consumption of the brain is even 


Taste I 
Mouse 22 g. Rat 22 g 
Brain 0-32 1-20 
Liver 1-12 1-74 
Spleen 0-02 0-02 
Tam II 
Brain weight Body weight 
Mouse 1 60 
Rat 1 200 
Dog 5 kg i 26 
15 Kg. 1 120 
25 Kg. 1 280 
40 kg. 1 400 
a Cat 1 108 
Lion 1 600 


higher than would be expected from the blood supply. For men under 
basal conditions (post- absorptive and resting), I consider that probably 
nearly half the blood passes through the brain. 

Hence, I conclude that the relative sizes of the brains and of the 


large glands can give a complete explanation of the different heights of 
metabolism of different animals. | 5 
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™ The basal metabolism of rats, guinea-pigs and rabbits is about 
670 cal. or less per the so-called square metre. The metabolism of dogs is 
> between 750 and 840 per unit. The brain weight of a small dog of about 
3 kg. is from 50-60 g., whereas that of a rabbit of the same weight is 
10 g. The wild grey rat has a higher brain weight and a higher metabolism 
than the albino rat. Monkeys have a metabolism of about 770 cal. per 
> sq. m., and man, with his large brain, about 1000 cal. 

E In ‘view of these considerations, metabolic determinations in com- 
| parative physiology will go forward with a renewed interest. 


A carbonic anhydrase inhibitor in serum. By V. H. Boors. 
(From the Physiological Laboratory, Cambridge) 


a In order to assess the function of carbonic anhydrase in circulating 
|» blood, farther work has been carried out upon the kinetics of the carbon 
> dioxide reactions in corpuscle suspensions and in sera. Previously it had 
been found that these were both almost inactive catalytically (except 
when considerable laking had obviously occurred). In regard to the 
|» serum: as obtained from various mammals it always contains hemo- 
' globin. If this has originated from a small proportion of the more fragile 
‘7 corpuscles which has become laked, it would be expected to be accom- 
|) panied by carbonic anhydrase. It has now been found that the appar- 
> ently low activity of serum is not entirely due to absence of carbonic 
© anhydrase, but also to the presence of an active inhibitor for this 
enzyme. | 
Pig blood is freer from laking (and the serum contains less carbonic 
anhydrase) than others, and was generally used for the experiments. 
The following protocol is typical and illustrates the technique employed. 
The rate of evolution of carbon dioxide from 0-2 ml. M/5 bicarbonate 
solution suddenly mixed and shaken with 3 ml. phosphate buffer 
pH 7-4+0-6 ml. saline was followed manometrically by. the method of 
Meldrum and Roughton [1933]. This represents the uncatalysed or 
control run. An enzyme preparation was made from corpuscles with 
alcohol and chloroform, as described by these authors, and diluted 1 in 
290 with saline. 3 ml. was made up to 7 with saline, and a carbon dioxide 
evolution run was made in presence of 0-6 ml. of this solution in place of 
= the saline. A fourfold acceleration in the rate was observed. Then 3 ml. 
enzyme solution was added to 0-5 ml. serum and made up to 7 ml. 
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When 06 ml. of this solution was used for a run the observed rate was 


scarcely any greater than the (uncatalysed) control rate. Thus serum 


in a final dilution of 1 in 90 had almost completely suppressed the 
activity of the enzyme. Serum had no appreciable effect on the control 
rate. 

The inhibitor has also been found in the sera of other mammals, but 
not in milk, urine, saliva or bile. It is not dialysable. Its potency is 
diminished by agents which denature serum proteins. It is completely 
destroyed when the proteins are coagulated, as by boiling at pH 5-4 or 
by adding alcohol. It is precipitated together with the proteins by such 
agents as ammonium sulphate or acid, and most of it follows the pseudo- 
globulin, though the albumin and euglobulin fractions show slight in- 
hibitions. Its exact nature remains unknown, but it is clear that it is 
closely associated with serum proteins and that its inhibitory effectiveness 
is bound up with their solubility. 

Roughton [1935] has discussed the advantages of carbonic anhy- 
drase being situated in the corpuscles and not in the plasma. These are 


principally that, during the short time the circulating blood spends in 


the capillaries, (a) the hydrogen ions produced and removed affect the 
oxygen dissociability of hemoglobin advantageously, and (b) it tends to 
keep the hydrogen-ion concentration of the plasma more constant than 
hitherto supposed. The presence of the inhibitor provides a mechanism 
for ensuring that such small quantities of the enzyme as may be liberated 
normally into the circulating plasma do not combat these advantages. 
The inhibitor, being non-dialysable, probably cannot enter the corpuscles: 
but the enzyme content is so great that even if inhibitor is present, in the 
same potency as in serum, it would not be effective. 


Meldrum, N. U. and Roughton, F. J. W. (1933). J. Physiol. 80, 113. 
Roughton, F. J. W. (1935). Physiol. Rev. 15, 241. 


Chemical transmission of excitation from motor nerve to volun- 
tary muscle. By G. L. Brown, H. H. Datz and W. FxID BERG 


1. If acetylcholine is suddenly injected at close range directly into 
the artery supplying a muscle such as 4 cat’s gastrocnemius, during 
temporary arrest of the circulation, a very small dose, in 0-25-0-5 C. o., 
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regularly produces a contraction of the muscle, not much less rapid than 

a maximal motor nerve twitch, and of equal or greater tension. Con- 

tractions of such dimensions have been obtained with doses of 2-6-10y 

in different experiments. With a larger dose, such as 20y, a quick con- 

traction of as much as 6 kg. tension is obtained from a muscle giving a 

maximum motor twitch of 2-0 kg. The apparent insensitiveness of normal 

mammalian muscle to acetylcholine, hitherto an objection to the function 

of the latter as a chemical transmitter, disappears when access is suffi- 
ciently rapid. : 

2. If eserine (0-2-0-3 mg. per kg.) is given intravenously to a spinal 
cat, the tension of a gastrocnemius twitch in response to a single maximal 
motor nerve volley quickly increases by as much as 130 p.c. Electrical 
records show that the potentiation is due to repetitive response of the 
muscle, with a rhythm of about 100 per sec. Eserine has no such effect on 
the response of denervated or fully curarized muscle to direct stimulation. 


Tus effects of drugs on transmission from nerve to voluntary 


muscle and accommodation“ to different rates of destruction 
of the chemical transmitter. By 8.L.Cowan | 


Previously, it was found [Cowan, 1936] that when the nerve to a 
frog’s sartorius was stimulated at 150 per sec. Wedensky inhibition at 
the nerve ending (w.1.N.) soon developed, but on continuing stimulation 
after the maximum inhibition tension rose again slowly, remained steady 
for several seconds and then declined very slowly. After 20-100 fg. of 
prostigmin had been added to the bath (50c.c.) inhibition occurred earlier, 
was deeper and recovery was slower. Larger doses of prostigmin 
deepened the inhibition so much that often the preparation responded 
with only a single twitch. These and other results (g. v.) suggested that the 
W. I. N. is due to local accumulation of undestroyed acetylcholine (A. Ch.). 
This conclusion has been modified by further experiments. 

To eliminate a possible curare-like action of prostigmin the dimethyl- 
carbamic ester of 3-hydroxyphenylmethyldiethylammonium iodide has 
been used. Preparations which had been treated with this substance gave 
myograms which were practically identical, except for superimposed 
small fibrillations, with those which had been given by preparations 
treated with equivalent amounts of prostigmin. 

Ringer’s solution containing two to three times the usual amount of 
potassium chloride caused a deepening of w.. x. similar to that produced 
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by prostigmin. Beznäk [1934] has shown that KCl causes A. Ch. to be 
liberated into the fluid perfusing a frog’s isolated heart; Feldberg and 
his colleagues have shown that KCl causes A. Ch. to be liberated into the 
fluid perfusing the s.c. ganglion, salivary glands, tongue, and cat’s foot 
(sweat glands). Brown and Feldberg [1936] have suggested that this 
discharge of A.Ch. may be effected by the K+ ions mobilized in the 
passage of the nerve impulse [Cowan, 1934; Vogt, 1936]. 

The nature of the deepening of w. I. x. has been examined by the 
methods of Lucas [1911], Adrian and Lucas [1912] and Adrian [1913]. 
Lucas found that for the production of a summated contraction in a 
nerve-muscle preparation the minimal interval between two stimuli (I.s.) _ 
was longer than the absolutely refractory period of the nerve by about 
20 p. o., and that for the production of w. I. x. the second stimulus had to fall 
within the 20 p.c. interval. This has been confirmed and it has been found 
that prostigmin greatly increased 1.8., even beyond the time in which sum- 
mation is possible (long 1. s.), without changing the refractory periods of 
nerve or muscle [Cowan, 1936]. In heavily poisoned preparations long 
1.8. sometimes reached 20-30 sec., or if two stimuli separated by 4-8 msec. 
were applied to the nerve their depressant effect persisted for more than 

05 min. This long-continued effect could be prevented by atropine. 

It is insufficient simply to suppose that W. I. N. occurs when the con- 
centration of A.Ch. exceeds the threshold necessary for stimulation and 
reaches an inhibitory concentration. If this were true, a twitch ought to 
occur at the close of inhibition when the A. Ch. concentration sinks from 
an “inhibiting” level to a stimulating level. Further experiments 
suggest that just as two conditions, the threshold and the rate of change ; 
of current, govern excitation by electric currents, so also is excitation by = 
A. Ch. dependent on a local threshold concentration and the rate of 1 
destruction of the chemical transmitter. 5 

In very fresh preparations poisoned with prostigmin (50-100 yg. in 
50 c.c. bath) the twitch in response to a single short (200 psec.) shock 
applied to the nerve was followed by a small contracture localized at the 
nerve endings [of. Bremer, 1932]. Then, on reducing the accommoda- 

tion of the poisoned preparation by halving the calcium chloride con- 
centration (0-02 p. o.) in the bath, instead of being followed by a con- 
tracture a shock was followed by a repetitive contraction. Further 
slowing of the rate of destruction of A.Ch. by more prostigmin again 
gave a contracture. The implication that the amount of A.Ch. liberated 
by a single isolated stimulus is considerably above the threshold value 
agrees with Adrian and Lucas’s evidence of its “facilitatory” nature. 
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The effect on the lungs of breathing through a narrow orifice. 
By LRONARD HII 


When breathing through the narrow orifice of a short tube, the tube 
being held tightly between the lips and the nose closed by a clip, the 
difficulty experienced is increased by exposing the face to heat rays, and 
eased by the cooling effect of a fan [Hill, 1936]. Such effects are due, it 
is thought, to a reflex narrowing of the air tubes by heat, and opening by 
cooling, as has been proved to occur in the nasal airway. Against any 
supposition that the effects are of psychological origin is the fact that 
neither heat rays nor cooling make any significant difference to the time 
during which the breath can be held after a full inspiration. When the 
orifice of the breathing tube was made so small that a breaking point in 
the respiration soon occurred, and a sample of alveolar air was then taken, 
the percentage of carbon dioxide was found to be about 54-6, not, there- 
fore, notably increased, while the oxygen percentage was reduced to 
9-10. On repeating the experiment, but inhaling oxygen-enriched air 
through the breathing tube, the time at which the breaking point 
occurred was but little extended, although the alveolar oxygen per- 
centage was, thereby, raised to a high level. It was found, moreover, that 
with such breathing of oxygen-enriched air, there still persisted the 
greater difficulty of breathing on exposure to heat rays, and easement on 
cooling the face with a fan. 

When the oxygen-enriched air was breathed before, and not during, 
the experiment the breaking point was significantly prolonged. The effect 
of making the expiration free, the inspiration only being obstructed, also 
reduced the difficulty of breathing so much that the breaking point did 
not occur. — 

- To explain the above results, it is suggested that obstruction of 
breathing by a narrow orifice greatly impedes the pulmonary circulation ; 
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owing to this and consequent want of oxygen the respiratory centre 
fails. 

Breathing oxygen during the experiment helps but little because the 
passage of blood through the lungs is held up; on the other hand, 
breathing of oxygen beforehand is helpful because the respiratory centre, 
and the blood which reaches it from the left side of the heart, were well 
supplied with oxygen at the start. The ventilation of the lungs by shallow 
respiration obviously suffices to keep the carbon dioxide from increasing 
notably in the alveolar air. 

When the experiment was so modified that a free inspiration was 
taken before collecting the sample of alveolar air, the oxygen percentage 
was found to be about 104 in place of the normal 13-14. The explanation 
of this result is that the obstructed blood, when allowed to pass freely, 
took up more oxygen than usual. 3 

Haldane [1919] and his co-workers found with obstructed inspiration 
alveolar carbon dioxide percentage no higher than 64-7. They ascribed 
the failure of respiration to anoxemia of the respiratory centre, which 
resulted from nonexpansion and ventilation of large parts of the lungs. 
Using a face mask and inspiring through three layers of filter paper with 
free expiration, Killick [1935] found alveolar carbon dioxide percentage 
of 6-87-7-63, and this without distress of the subject; with fine layers 
of paper 7-35-8-42 with distress. In Killick’s experiments the mask 
increased the dead space, and the free expiration allowed the pulmonary 
circulation to continue. 

Impedance of the pulmonary circulation must be of great clinical 
importance in cases of obstructed breathing. 

By finding the capacity to breathe through orifices of varying size, 
a simple means is given of assessing fitness. 
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Vascular reflexes from the lung. By A. Scuwerrzer. (Department 
of Physiology, Middlesex Hospital Medical School) 
From embryological considerations it might be expected that the 
pulmonary artery is sensitive to pressure changes from within, as, like 
the carotid sinus, it is developed from one of the primitive arterial arches 
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(the 6th). Histological examination further shows the presence of 
afferent nerve endings resembling those found in the carotid sinus and 
aorta. 

Schwiegk [1935] observed the effects of artificially varying the 
pressure in the pulmonary artery of one lung in the dog, with the 
pulmonary veins ligated. In this way the direct action of the perfusion 
fluid on the left heart was avoided, and any change in systemic blood 
pressure and variations in heart rate could be ascribed to a response 


Fig. 1. Cat. Chloralose. Constant flow positive pressure artificial respiration. Records 
from above downwards: carotid blood pressure, pressure in left pulmonary artery 
and time in seconds. During the periods F, F, the speed of the drum was increased. 
Between the vertical lines “on” and “off” the left pulmonary pressure was raised to 
60 mm. Hg. There is a reflex fall of systemic blood pressure and cardiac slowing. 


from the pulmonary vessels. He recorded definite changes in systemic 
arterial blood pressure and heart rate in response to variations in the 
pressure of the perfusion fluid. A rise of the latter was associated with a 
fall of systemic arterial blood pressure and cardiac slowing. 

The experiments to be described were performed on cats either 
decerebrate or anssthetized with ether and chloralose. The chest was 
widely opened and positive pressure constant flow artificial respiration 
with oxygen was employed [Kremer, Wilson and Wright, 1934]. 
The pulmonary veins of the left lung were first ligated, and a cannula 
connected with a pressure bottle, filled with a mixture of gum arabic 
and Ringer-Locke solution at body temperature (37° C.), was inserted 
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into the main branch of the left pulmonary artery. The pressure in this 
vessel was varied from 0 to 150 mm. of mercury. The systemic arterial 
blood pressure was recorded from the femoral or common carotid artery. 
Respiration was registered by means of an abdominal balloon. 

The results were mainly negative. Out of twelve cats only two 
showed definite changes of systemic blood pressure and variations of 
heart rate in response to an increase of pulmonary arterial pressure. The 
accompanying tracing (Fig. 1) records the result of one experiment in 
which a rise of pulmonary arterial pressure from 0 to 60 mm. of mercury 
was followed by a fall of systemic arterial pressure from 145 to 115 mm. 
of mercury, and a slowing of heart rate per min. from 130 to 105. Raising 
the pulmonary arterial pressure still higher produced no further effect. 
Lowering the pulmonary pressure to 0 mm. of mercury was followed by 
a return of the systemic arterial pressure and heart rate to their original 
levels. In both cats which showed responses, frequent repetition of the 
experiment led to diminution and final disappearance of the effect. 
Section of the left vagus abolished the response. No changes in respiration 
were noted. 

It is thus seen that, in the cat, pressure changes in the pulmonary 
circulation are only rarely associated with changes of systemic arterial 


blood pressure and heart rate. This is in marked contrast to the regularity 


of response obtained from the carotid sinus. Variation in the depth of 
anssthesia bears no relation to the presence or absence of the response. 
It is possible that destruction of the afferent nerves in the adventitia of 
the pulmonary artery during insertion of the cannula is responsible for 
the frequent negative findings. 


Kremer, M., Wilson, A. T. and Wright, S. (1934). J. Physiol. 82, 414. 
Schwiegk, H. (1935). Pfliigers Arch. 236, 206. 


Respiratory failure following denervation of the carotid sinus. 
By G. 


The observation by Witt, Katz and Kohn [1934] of respiratory 
failure following denervation of the carotid sinus has here been repeated 
on dogs anwsthetized with morphine and sodium barbital as used by 
those workers. An analysis of the conditions necessary for its production 
reveals that it is not due to a suspected inhibitory action from the region 
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of the carotid sinus, as might have been set up by the method of dener- 
vation employed by Witt, Katz and Kohn [1934]. It was observed also 
on blocking the nerve of Hering by novocaine, or cold. The paralysis of 
respiration was obtained either after denervating the two carotid sinuses 
and dividing the vagi, or, if the anesthesia was deeper, by simply 
denervating the two carotid sinuses, or even only one when the anæs- 
thesia was deeper still. In experiments in which the vagi had been divided 
and one carotid sinus permanently denervated beforehand, the paralysis 
of respiration following blocking by cooling of the nerve of Hering of 
the intact side was seen to take place either abruptly or more often 
preceded by a short period of diminishing amplitude (Fig. 1). The blood 
pressure, after a temporary rise of variable extent, dropped fast, and the 
animal would die. Artificial respiration applied in time would improve 


& Sod Barb t Vaqi tut Left Are Sires denervated, 


Fig. 1. 


the blood pressure, which usually rose to a level higher than that before 
cooling of the nerve, but the respiratory paralysis persisted and has been 
followed, in this way, up to 2 hours. On rewarming the nerve, spontaneous 
respiration returned. To repeat all the above observations, the animal 
had to be in a state of marked depression of respiration, with its arterial 
blood dark. The conditions are therefore those of partial anoxcemia 
in which the carotid sinus plays a prominent role in maintaining re- 
spiration [Heymans and co-workers, 1930; Selladurai and Wright, 
1932, and others]. The importance of the oxygen lack under these con- 
ditions as a stimulus to respiration is also shown by the fact that the 
administration of a mixture of CO, 5 p.c. and O, with or without 30 p. o. 
N, diminished the respiration instead of increasing it as it normally 
would in response to the increased CO, tension. A general depression of 
the respiratory centres may thus explain the findings, while there is no 
evidence for a probable specific paralysing effect of the anesthetic upon 
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the central as against the reflex mechanism of respiration. If care 
was not taken, after cooling the carotid sinus nerve, to apply artificial 
respiration very soon after the standstill of spontaneous respiration, the 
respiratory centres suffered seriously as shown by the long time required, 
even after re-warming the nerve, before any sign of activity returned. 
This suggests that the depression of the centres by the anesthetic is 
aggravated by the poor supply of oxygen, and that also explains perhaps 
the fact that the respiratory paralysis from denervation of the sinus 
usually sets in only gradually, 
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On the influence of different hormones on lactation. By P. pz 
Fremery. (From the Scientific Laboratory V. F. Organon, Oss, Holland) 


The lactogenic hormone of the anterior pituitary caused lactation in 
virgin goats independently of season or phase of the cycle, six daily 
injections of 5 pigeon units being sufficient. (1 P. u. is the total amount 
required, over 7 days, to produce crop glands of at least 4 g. in two- 
_ thirds of the treated birds; this quantity is about thirty times that 
described by Riddle as 1 unit.) But the daily output was not more 
than a few drops of milk, preceded by 1 or 2 days’ colostrum. With 
regular milking this output was maintained with slow rise for months 
without further treatment. Increased dosage up to 250 p.v. daily did not 
increase output; withdrawal did not impair it. 

(Estradiol benzoate (as Dimenformon Organon) caused mammary 
growth; percutaneous inunction of the udder gave the best results 
(10,000 int. benz. units daily, dissolved in adeps lanae) but had to con- 
tinue for some weeks. Initially slow, udder development increased 
abruptly, to be complete within a few days with changes of preparturient 
type. Prolactin injected at this stage induced lactation as abundant and 
of the same quality as after parturition. The change from colostrum to 
milk seems to be linked with a fall of cestrin level in the organism and is 
reversed by increasing this level. 

Sensitivity to prolactin is lowered in pregnancy, in the latter half of 
which rabbits needed at least 1-5, guinea-pigs 3-0, rats 3-0, goats 25-0 P. b. 
daily to produce lactation. 
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Abortion or death of the footus in utero always ensued within a few 
days of the onset of such artificial lactation; an effect due either to pro- 


lactin itself or to a contaminant. Gonadotropic and thyrotropic factors, 


in higher dosage than was present in the prolactin used, caused no 
abortion. 

In the goat, androsterone (max. 60 C. u. daily), pituitrin (max. 
20 I. v. daily) and thyroxin in low dosage produced no demonstrable 
change in the milk output. Thyroxin in high dosage (15 mg. daily) caused 
severe hyperthyroidism with reduced output. This inhibitory mechanism 
differs from that of cestradiol benzoate: the composition is unchanged 
and no spontaneous restoration of output occurs on interruption. 


The nature of the estrin-stimulus in uterine bleeding. 
By S. ZucKERMAN 


Gonadectomized Rhesus monkeys, under continuous daily injection 
with cestrone, can be made to undergo phases of uterine bleeding at 
approximately 4 weekly intervals if on the 15th day of each “artificial 
cycle” the daily dose is dropped from a previous high level (e.g. 3000 I. v.) 
to some point within a fairly fixed and narrow range (c. 150 l. v.) 
[Zuckerman, 1936]. In order to discover whether or not the shock 
occasioned by the fall in the cestrin level itself acts as a stimulus to bleed- 
ing, a series of ten 14-day courses of injections of crystalline oestrone in 
oil were given to spayed Rhesus monkeys, the daily dose varying between 
25 and 1501.v. In eight of the ten experiments the small amounts 


oS : eof estrone administered were able to stimulate enough growth in the 


endometrium for uterine bleeding to succeed the cessation of injections, 
the animals varying in their endometrial sensitivity to the hormone. 
Consequently it may be inferred that the bleeding which occurs in 
“artificial cycles” during the course of daily injection of similar and 
even higher doses is at least partly due to the shock occasioned by the 
fall in cestrone level. 

Bleeding during the course of continuous cestrone injections may also 


be due, when the dosage is low, to lack of sufficient hormone to maintain 


the endometrium in the interval condition. Thus, in another experi- 
ment (OM 78), an animal bled between the 48th and the 52nd days of a 


course of eighty-nine daily injections of 100 1. v. When, however, enough 


hormone is continuously injected, bleeding does not occur. Thus bleeding 
never occurred during any of eight experiments in which injections were 
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given daily for 40 days, and in which the daily injection never fell below 
200 L. v. Moreover, bleeding has never occurred during another experi- 
ment in which an animal has been injected daily with 1000 1. v. of 
cestrone for 188 days. Uterine bleeding during the course of cstrone 
injections has, however, been reported both in experiments with monkeys 
and in the clinical treatment of women. It is suggested here that such 
bleeding is not a positive effect of the hormone, but a result of its too-low 
concentration, following either inadequate dosage, imperfect absorption, 
or too-widely spaced injections. 

In fourteen experiments in which castrated monkeys were injected — 
daily with cestrone for 14 days (the maximum daily dose varying between 
25 and 3000 1. v., and the total for the period between 350 and 27,000 1.v.), 
the latent interval following the cessation of injections before the begin- 
ning of uterine bleeding varied between 6 and 12 days, the mode and the 
mean being 7 and 8°57 days respectively. An attempt to define the point 
in the latent period when the dual stimulus to uterine bleeding of 
cestrin fall and ostrin deprivation becomes effective was made in the 
following way. Castrated monkeys were first injected daily for 14 days, 
aqueous and oil solutions of crystalline oestrone being used in different 
experiments. Injections were then discontinued for from 3 to 6 days, to 
be resumed at a constant level of 500 1.v. daily, a level sufficient to main- 
tain an “interval” endometrium, and one at which bleeding does not 
normally occur. Injections were continued until bleeding occurred, or if 
no bleeding occurred, until the 40th day of the — Details of 
16 such experiments are given in Table I. 


I 
First fourteen days 
Max.daily Total No 
Exper. solution LU. 1. v days Result 
3˙8 Oil 3000 27,000 15-17 No bleeding 
3-9 Aqueous 3000 27,000 15-17 4 
95-3 ” 3000 27.000 15-17 
5-6 Oil 3000 27,000 15-18 . 
5:7 Aqueous 3000 27,000 15-18 4 
64-1 3000 27,000 15-18 
Oil 3000 | 15-19 
75 ·5 3000 27,000 15-20 — 21 
2000 19,400 15-18 No 
75˙7 50 2000 19,400 15-19 * 
5˙8 5 1000 10,000 15-18 a 
64-2 ra 1000 10,000 15-18 70 
3-10 ‘age 1000 15-19 day 20 
92-6 ” 1000 10,000 15-19 No 
95-4 a 500 7,000 
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The results show that the bleeding which normally follows the 
cessation of cestrin injections can be inhibited if injections are restarted 
after a gap of 4 days, and sometimes, too, after a gap of 5 days. Conse- 
quently it may be inferred that the stimulus to bleeding becomes effective 
not immediately, but only after an interval of some days, and that the 
endometrial processes leading to uterine bleeding are in their first stages 
reversible, This finding is of interest in view of Allen’s statement [1928] 
that an extravasation of erythrocytes into the uterine stroma occurs as 
early as one day after the end of injections. 
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Ultramicroscopic particles in normal serum. By A. C. Frazer 


and H. C. Stewart. (From the Physiology Dept., St Mary's Hospital 
Medical School, W. 2) 3 


Fine particles were first observed in normal serum by Miiller [1896] 
and termed “blood dust”. They have since been noted by Gage and 
Fish [1924]; McDonagh [1927] and, more recently, Peters [1936] 
have investigated the changes in serum particles in disease. The object of 
this communication is to illustrate the variations found in the number of 
particles in normal serum during 24 hours with normal diet and in 
starvation. : 

The blood is withdrawn into a fine capillary tube, which is incubated 
at 38° C. for 2 hours. A thin film is then prepared from the serum on a 
carefully cleaned slide. This preparation is immediately examined by 
darkground illumination with a 1/12th objective and x 20 eyepiece. If 
there are a large number of particles, an eyepiece mask is used which 
excludes 5/6 of the field. In all cases three individual observers count the 
particles, and their counts are averaged. If there is a large variation 
between the figures in any set, a very rare occurrence, a re-examination 
of the film is made and a new specimen prepared, if necessary. The 
probable error is less than 10 p.c. 

Upon examination, particles are seen moving in the darkground field. 
Some of these are brightly illuminated and others are definitely dull. 
Since it is not possible to make these dull particles bright by altering the 
focus or the source of light, the dullness seems to be an inherent refractive 
property of the particle. After a meal, very large sticky particles appear, 
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sometimes with a ring-like appearance. Other objects sometimes seen 
are threads of fibrin, corpuscles and, occasionally, bacteria. Each ex- 4 
amination consists of a determination of the relative distribution of the 1 
bright and dull particles. The presence of large bright particles, the 
degree of Brownian movement, and the presence of clumps or other 
points of interest, are noted. These serum particles have been seen also 
in circulating blood, freshly shed blood, and oe plasma, as well 
as in serum prepared in the manner described. 


123 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Duration of experiment in hours 


Fig. 1. Particle count curves of four human subjects. The two upper curves show variations > 
with normal three meals as indicated by arrows. Two lower curves show the counts 5 
during 24 hours’ starvation. 
From particle counts made at short intervals, curves have been 3 


constructed. Only two types of curve are considered here, that seen with 
normal diet and that obtained in starvation. In these curves the bright 


particle count only has been plotted; the dull particle count gives a 8 
curve which follows a course practically parallel with the brights but at a Pa 
slightly higher level. 
It is apparent from these curves that the particles in the serum 
increase after each meal and fall to a basic level in starvation. . 
We are indebted to Mesers J. Elkes and J. Bleakley for the starvation curves. 2 
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Dietary casein and cholesteryl esters in liver. 
By C. H. Best and Jussi H. Ribour 


In previous experiments we have shown that the effect of relatively 
small amounts of choline on the cholesteryl esters which are deposited in 
rat’s liver as a result of cholesterol feeding may be demonstrated. Con- 
ditions favourable for this demonstration are secured when only slightly 
more than the minimum amount of cholesterol necessary to prevent a 
decrease in the ester content of the livers of the animals which do not 
receive choline is continued in the diets of both groups. The situation 
may be compared in some particulars to that in the dehepatized animal, 
in which the action of insulin on blood sugar is not clearly shown unless 
the rapid fall in the sugar concentration of the blood is prevented by 
infusion of dextrose. If the feeding of cholesterol to the rats is not 
continued, the ester content of the liver falls in both the control and 
choline-fed series. When the cholesterol feeding is discontinued it is 
possible to demonstrate a definite increase in the rate of disappearance of 
esters when choline is supplied, but it is difficult to secure a decisive effect 
unless the initial ester content is high and the experiment is continued 


for prolonged periods. If feeding of cholesterol is continued and larger 


doses are used, the effect of small amounts of choline may be obscured 
by the increase in cholesteryl esters in the livers of both the control and 
choline-fed groups. | | 
The above results encouraged us to investigate the possibility that, 
under favourable conditions, an effect of the non-choline lipotropic factor 
in dietary casein on the rate of disappearance of cholesteryl esters from 
liver might be demonstrated. A moderate deposition of cholesteryl esters 
in liver was produced in 109 rats (av. wt. 225 g.) by feeding for a period of 
22 days a diet of mixed grain to which had been added beef fat (20 p.c.) 
and cholesterol to secure an ingestion of approximately 60 mg. per rat 
per day. The glyceride, phospholipoid (as lecithine) and cholesteryl esters 
were then determined on the pooled livers of nineteen animals. The 
remainder were divided into three groups. The basal diet for all the 
groups was casein (5 p.c.), beef fat (20 p.c.), sucrose (68 p.c.), salt (5 p.c.), 
agar (2 p. c.), with vitamins A, D and Bi added. Each rat ingested approxi- 
mately 18 mg. of cholesterol daily. In Group II the casein content of the 


diet was increased to 50 p.c. at the expense of the carbohydrate. In 


Group III choline, in an amount which was expected to exert a lipotropic 
effect equivalent to that of the extra casein provided in Group II, was 
added. The extra casein ingested (Group II) amounted to 4 g. per rat 
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daily, while the average daily choline intake (Group III) was 18 mg. The 
livers were secured from half the animals of each group after 21 days, 
and from the remainder after 35 days. 
The effects of the additional amount 
of casein and of the choline on gly- 
ceride and cholesteryl esters are shown 
in Fig. 1. 

These results demonstrate the lipo- 
tropic effect of dietary casein on 
cholesteryl esters. It is interesting 
that casein produced effects on cho- 
lesteryl esters quantitatively similar 
to those of a dose of choline, which 
previous studies on the glyceride frac- 
tion of liver fat had led us to expect 
would have a lipotropic action equiva- 
lent to that of the casein. The increase 
in the phospholipoid content of the livers of the group receiving the 
extra ration of casein was essentially the same as in those receiving the 
choline. 

It might be argued that the increase in liver fat produced by rations 
low in dietary casein is due to the high carbohydrate content of the diet. 
Direct evidence on this point will be presented in due course, but the 
results of one very satisfactory experiment, in which the casein was 


varied at the expense of inert dietary constituents, the carbohydrate 


intake remaining constant, indicate that the effect on liver fat is due to 
some constituent of the dietary casein and not to the carbohydrate. 


An improvement of Warburg’s method for cutting tissue slices 
for respiratory experiments. By W. Deutscu. (From the Depart- 
ment of Physiology, University of Manchester) 


Instead of cutting the tissue with a razor used free-hand, the tissue 
is cut between two microscopic slides, one having on one side a frosted 
surface of medium coarse grain. The plane slide is fixed to a wooden 
support (7-5 x 2 cm. and 6 cm. high), a small piece of filter paper wetted 
with Ringer’s solution is placed on one end of the slide and on top of it 
the piece of tissue to be cut. Then the frosted slide is pressed slightly on 
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the tissue and the tissue cut with a safety razor blade guided by the slide. 
The frosted surface of the glass holds the tissue firmly and flat, and the 
process of cutting can easily be watched, for the frosted surface is trans- 
parent in its wet state. : | 


It is possible in this way to get a greater number of very fine and 
large successive slices for comparative experiments. Tissues which are 
difficult to cut as, for instance, the lobulated submaxillary gland of the 
cat or voluntary muscle, are easily accessible for investigation. 


1 to 8 and 1 to 4 alternation in the cercal nerve of the cricket. 
By R. J. Pumpurey and A. F. Rawpon-Smitu. (From the Laboratories 


of Zoology and Psychology, Cambridge) 4 


It has recently been shown that the response from the cercus of 
certain insects to auditory stimuli exhibits many of the phenomena 
associated with the acoustic response in the VIII nerve of the mammal 
[Pumphrey and Rawdon-Smith, 1936]. In particular, synchrony of 
response to stimulus frequency, equilibration, and alternation of the 
1 to 2 type have been successfully demonstrated. It has proved, however, 
somewhat more difficult to detect the 1 to 3 and 1 to 4 types of alter- 
nation in the cercal nerve than in the corresponding mammalian case. 
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This difficulty has arisen because, with a rise in the stimulating frequency 
or a reduction in the stimulus intensity necessary te produce these 
effects, the asynchronous component of the discharge tends, for visual 
inspection of the oscillogram, to mask the relatively small synchronous 
response. It has been found, however, that the effect may be easily 
detected if the response is made audible by means of a loud-speaker; for 
the ear can readily differentiate the synchronous whistle or tone from the 
asynchronous background, the latter being manifested as a low “sh-sh- 
sh” sound. | 

Under favourable conditions, complete synchrony and alternation of 
the 1 to 2, 1 to 3 and occasionally 1 to 4 types may be demonstrated for a 
single stimulus frequency (about 400 c.p.s.), by varying the intensity 
only. For maximum intensity (approx. 110 phons), the response pitch is 
the same as that of the stimulus. A reduction of 10 db. lowers the re- 
sponse pitch by one octave, whilst a further reduction of 10 db. causes 
the pitch to rise to a level approximately a perfect fifth below that of 
the stimulus. A further 10 db. drop, a total loss of 30 db., yields a pitch 
once more one octave below that of the stimulus. 

In order to interpret these observations, the following apparatus was 
employed. Using the rotating disc previously described by Hallpike, 
Hartridge and Rawdon-Smith [1936], light was projected, through 
the slots cut at regular intervals in the periphery, on to a copper-oxide 
photo-electric cell.1 The output from this, after suitable triode amplifi- 
cation, was passed to a cathode-ray oscillograph and to a loud-speaker. 


By adjustment of the light, the wave form of the output could be 


arranged as a series of sharp transients, and produced a sound resembling 
an impure tone. By means of small strips of adhesive tape every other 
slit on the disc was now blocked for 180° of the complete circle. The 
sound thus produced consisted of two alternating tones, one of pitch 
exactly one octave below that of the other. By blocking every third 
slit, the second note was of pitch a perfect fifth below that of the first, 
whilst with every fourth hole blocked, an effect similar to that demon- 
strated in the first instance was secured, i.e. the pitch of the second note 
was one octave below that of the first. It seems not unreasonable to 
deduce, therefore, that, as in the three cases every second, every third, 
or every fourth transient respectively was missing, the response from 
the cercal nerve, exhibiting precisely similar pitch relations, demon- 
strates alternation not only of the 1 to 2 type previously described, but 
also of the 1 to 3 and 1 to 4 types, Thus, making due allowance for the 


3 This work was done at the Ferens Institute, Middlesex Hospital. 
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smaller number of fibres in the cercal nerve, and for the fact that they 
are non-medullated, the response therein to acoustic stimuli appears to 
show almost every effect demonstrated in the auditory nerve of the cat. 
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A box mask for administration of oxygen. By J. ARGYLL CaurRRLL. 
(Preliminary communication) | 

With the face in position the mask has a gas capacity of about 
1000 c.c. Its length (long axis of face) is 15 cm., its breadth (across face) 
12 cm. and its depth (at right angles to plane of face) 7 cm. The back 
(15 x 12 sq. cm.) of the mask has a bottle-shaped opening of sufficient 
size to accommodate the nose, mouth and chin. The back is made air- 
tight by gentle pressure against the face, the mask being kept in position 
by tapes attached by buckles about half-way up the sides; the tapes pass 
over the top of the ears to the back of the head. The eyes look over the 
top (12x7 sq. cm.) which is completely closed except for the tube 
(internal diam. 5 mm.) carrying the oxygen into the box. The end of this 
tube inside the box is turned up so that the flow of oxygen is directed 
against the top of the box. The patient breathes the mixture of oxygen 
and air within the box. 

The front (15 x 12 sq. cm.) of the mask is airtight, and has a door in 
its lower half which may be opened for administration of food or medicine. 
The sides (15 x 7 sq. cm.) are closed except for small horizontal openings 
(4x 1 sq. cm.) just above the lower end. The mask is completely open to 
the air below at a space 12x7 sq. cm. The oxygen passes from the 
cylinder through a standard automatic regulator, then through a 
“Bobbin” flow meter to a water valve and finally to the tube at the top 
of the mask. With a flow of 6 litres of oxygen a minute, the alveolar 
oxygen pressure may be kept at 50 p.c. of an atmosphere (respiratory 
volume of subjects tested = 7-8 litres per min.). 

The advantages of the apparatus are: (1) its weight is only about 
3-3 oz. (93 g.); (2) there are no valves to cause resistance to breathing; 
(3) there is no need for a nasal catheter; and (4) the patient is not isolated 
as in a tent. The mask may be improvised from cardboard, but it is best 
made of thin aluminium (makers: Messrs Siebe Gorman and Co., Ltd., 
187, Westminster Bridge Road, S. E. 1). 3 
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The mechanism of exophthalmos in the cat 
and dog. By C. E. Brunton. (From the —— a Physiology, 
London Hospital Medical College) 


In the cat and dog only the medial wall, the anterior part of the 
floor and a small part of the roof of the orbit are bony. The lateral wall 


and remaining parts of the roof and floor are composed of membrane 


which is called the periorbita [Bradley, 1927]. This membrane was said 
by H. Miller [1858] to be analogous to the bundle of smooth muscle 
and elastic tissue in the human inferior orbital fissure which bears the 
name of Müller's orbital muscle [Whitnall], 1921]. Histological 
examination of the human orbital contents [Russell, 1936] suggest that 
the membrane in the cat or dog has sometimes a larger analogue in man 
than the tissue in the orbital fissure alone. 

Müller stated that in mammals the membrane was formed of smooth 
muscle connected to elastic fibres. His description has been confirmed 
independently by Code [1935] working on dogs, and by the writer for 
dogs and cats. 

Histological preparations are shown which were prepared as follows. 
The lateral aspect of the orbit was approached by removing most of the 
zygomatic arch and the coronoid process of the mandible. The muscles 
attached to them and to the ramus of the mandible (temporalis, masseter 
and pterygoidei) were reflected downwards over the outer aspect of the 
mandible as far as possible. The mid-line of the skull was sawed from 
before backwards and from the lateral aspect inwards through the 
maxillary bone, so that the zygomatic, frontal, lacrimal, pterygoid and 
part of the palatine and temporal bones were removed outwards with the 
whole attached orbit. The mass was fixed in 4 p.c. formal saline, and 
decalcified with nitric acid. When X-ray tests showed that decalcification 
was complete, the mass was cut into blocks with vertical faces at approxi- 
mately right angles to the mid-line of the skull (coronal sections). The 
blocks were embedded in celloidin, and sections were made and stained 
with hematoxylin and eosin, hematoxylin and van Gieson or Mallory’s 
phosphotungstic acid methods. Separate tissue was fixed, cut and stained 
by Weigert’s elastic tissue stain. 

The sections show smooth muscle and elastic tissue forming a 

“funnel” round the orbit behind the globe on the upper, outer and lower 
aspects of the orbit. 

The contraction of this periorbita was observed in dogs by Macallum 
and Cornell 0 on stimulation of the cervical r nerve. 
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As long as the periorbita was intact and no longer, stimulation of the 
nerve produced exophthalmos. Their work has been extended by Code 
[1935], and is also confirmed by the effects of substances which tend to 
excite or inhibit sympathetic nerve endings [Brunton, 1935]. 
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The induction of pseudo-pregnancy in the rat by electrical 
stimulation through the head. By G. W. Harris. (From the 


Department of Anatomy, Cambridge) 


It is well known that the rat ovulates rhythmically at each cestrous 
cycle, but that the corpora lutea formed, though anatomically persistent 
for many days, function for only a very short period. The length of 
average cycle is 5-6 days. 

Long and Evans [1922] showed that after sterile copulation, or 
glass-rod stimulation of the cervical canal of the uterus, a period of 
pseudo-pregnancy intervened, the onset of the next cestrous period being 
delayed for 10-12 days. They correlated this condition with functionally 
persistent corpora lutea and other conditions characteristic of early 
pregnancy. — 

Shelesnyak [1931] showed pseudo-pregnancy in rats could also be 
obtained by electrical stimulation of the cervix of the uterus. 

Marshall and Verney [1936] recently found that ovulation and 
pseudo-pregnancy can be induced in rabbits by electrical stimulation 
through the head and spinal cord (lumbar region). | 

On the assumption that pseudo-pregnancy in the rat is produced by 
a mechanism similar to that giving ovulation and pseudo-pregnancy 
in the rabbit, it was thought that electrical stimulation through the 
head and spinal cord might initiate the pseudo-pregnant condition. 
This has been found to be correct, at least for stimulation through the 
head. 
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The cycles of the rats were plotted from daily observations, using the 
vaginal smear technique. When the cycles were of a normal rhythm, the 
animals were stimulated, under ether anwsthesia, at the stage of oestrus, 
assessed by the presence of only cornified cells in the smear. The stimulus 
was similar to that used by Marshall and Verney. 

Up to the present, sixteen rats have been stimulated through the 
head. Thirty-six stimuli were applied at various cestrous stages; twenty- 
three of these produced the pseudo-pregnant response, eleven were 
negative, interfering in no way with the normal cycles, and two gave 
inconclusive results of delays of between 7 and 9 days. This gives a 
response of 68 p.c. 

That the delayed cycle is a true pseudo-pregnant response and not 
merely a state of ancestrous initiated by the great shock is shown by the 
following facts: 

(i) The delay, if it occurred at all, lasted, in every case except 
two, between 10 and 15 days, which is the average duration of pecudo- 
pregnancy. 

(ii) Deciduomata were produced post-stimulation in nine rats by the 
insertion of threads in the uteri. 

(iii) Staining the ovaries for lutein lipoid droplets showed functioning 
- corpora lutea, 10 days after stimulation. 

(iv) In one case, sections made through mammary tissue, 10 days 
after stimulation, showed the presence of milk. 

As regards stimulation through the lumbar spinal cord, thirteen rats 
have been stimulated. Seventeen stimuli were applied, giving thirteen 
negative and four inconclusive results. No conclusion can be drawn 
from this evidence. 

Concerning the head stimulation, the rough figure of 68 p.c. positive 
results seems in accordance with the results quoted by previous workers 
on the induction of pseudo-pregnancy in the rat by artificial means. 
Thus, after glass-rod stimulation of the cervical canals, Long and 
Evans (1922, p. 80] found 68 p.c. positive results; Leonard, Meyer and 
Hisaw [1929] obtained 72 p.c.; whilst Slonaker [1929] gave lower 
figures. By electrical stimulation of the cervix uteri Shelesnyak [1931] 
obtained 82 p.c. positive responses and Haterius [1933] 92 p.c.; whilst 
the latter, by mechanical stimulation, found 47 p.c. 

It is of interest to note that sterile copulation gives uniformly positive 
results, according to Haterius [1933]. Thus it appears that there is 
some factor present in sterile oopulation which is, in some cases, missing 
in the forms of artificial stimulation so far used. 
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The distribution of unstriped muscle in the human periorbita 
and its possible significance in exophthalmos. By Dororny 8. 
Russe. (From the Bernhard Baron Institute of Pathology, the London 


Hospital) 


The periorbita, or periosteal sheath that encloses the orbital contents, 
is usually considered to be devoid of unstriped muscle in the human 
subject except at those points where the medial, lateral and, more 
questionably, the inferior check ligaments are inserted into the bony 
walls of the orbit [Sappey, 1876], and the inferior orbital fissure which is 
bridged by the periorbital muscle of Miiller. The extent to which this 
muscle may extend into the neighbouring periorbita is disputed. 
Whitnall [1932] describes it as filling the inferior orbital fissure, being 
narrow in the centre and fan-shaped at the extremities “where it spreads 
in a thin layer over the orbital floor. Anteriorly it is continuous, accord- 
ing to Charpy [1912], with the orbital expansion of the inferior oblique 
muscle, a relation which the writer has been unable to confirm. In 
lower animals, where the lateral orbital wall is absent, the muscle is more 
strongly developed and in these, as shown by Miiller, stimulation of the 
‘cervical sympathetic nerve causes a protrusion of the eyeball. The 
possibility that action of this muscle may be responsible for the exoph- 
thalmos of Graves’ disease in man has been rejected by anatomists on 
the ground that the muscle is of too vestigial a character to affect the 
position of the eyeball by compression of the orbital contents. 
Histological examination of the human orbit in a series of six cases of 
Graves’ disease and three normal controls has however shown that the 
distribution of unstriped muscle in the periorbita is more extensive than is 
generally recognized. The specimens were prepared by chiselling away 
the roof of the orbit. To this the periorbita is only very lightly attached 
and it is exposed as a cone-shaped glistening membrane closely enveloping 
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the soft tissues of the orbit. These tissues were then divided in the coronal 
plane as far forward as possible and dissected from the eyeball which was 
freed by division of the optic nerve and left in position. The soft tissues 
and the remainder of the bony wall of the orbit were then removed and 
fixed in 4 p.c. saline formaldehyde. After decalcification complete 
coronal sections were made (a) in a plane 2-3 cm. in front of the anterior 
end of the optic canal, and (b) about 1 cm. in front of the same point. The 
blocks were embedded in paraffin. 

All examples appeared histologically normal except in one case of 
Graves’ disease in which lymphorrhages were present in the oculomotor 
muscles, In all instances unstriped muscle fibres were not confined to the 
neighbourhood of the inferior orbital fissure but extended throughout a 
large part of the periorbita, being present even in the thinnest portion of 
this membrane where it is in relation to the roof of the orbit. The fibres, 
which are most clearly demonstrated by Mallory’s phosphotungstic 
acid hematoxylin method, are most abundant on the lateral aspect 
where they extend upwards from a smooth muscle mass in the inferior 
orbital fissure to form an interrupted sheet of bundles in the inner part of 
the sheath. They become less numerous as the dorsal aspect is reached 
and are traceable medialwards only as far as the level of the frontal nerve 
or a little beyond this point. Similarly muscle fibres are traceable from 
the mass in the inferior orbital fissure throughout the periorbita over the 
floor of the orbit, but cannot be followed up the medial wall. In the latter 
position the periorbita is closely applied to the ethmoid bone and 
resembles the periosteum in other parts of the body. The periorbita over 
the dorsal and upper lateral aspects of the orbit differs from normal 
periosteum in that it is divisible into three layers: (1) an outer collagenous 
layer or periosteum proper, (2) a medial adipose layer and, (3), an inner 
dense collagenous layer. It is in this last layer that the smooth muscle 
fibres are situated. They are mainly circular in direction and are 
associated with numerous coarse and fine ejastic fibres. Less conspicuous 
fine elastic fibres are also present in parts of the periorbita that. are devoid 
of muscle. No differences were observed in the degree of muscular 
development between the examples of Graves’ disease and the controls. 
Ihe recognition of this wider distribution of unstriped muscle is of 
importance in discussing the mechanism of exophthalmos. Contraction of 
the fibres in the periorbita would undoubtedly cause some compression 
of the included orbital contents and a consequent thrusting forward of the 
eyeball, as demonstrated by stimulation of the cervical sympathetic nerve 
in lower animals. That some such action may take place in the human 
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subject in spite of the existence of a complete bony orbit is suggested by 
the peculiar structure of the dorso-lateral part of the sheath, in which the 
presence of a medial layer of adipose tissue would permit the inner 
fibro-muscular layer to move upon the outer periosteal layer. 
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Simultaneous recording on a smoked drum of(1) the conductivity 
and (2) rate of flow of urine, and (3) the arterial blood flow 
through the isolated mammalian kidney. By F. R. Winton 


The increasing complexity of the experimental analysis of the pro- 
perties of the isolated kidney makes it convenient to arrange for con- 
tinuous recording of as many of these variables as possible. 

The conductivity of the urine obtained from the isolated kidney is 
almost entirely due to its chloride content. It is recorded by cannulating 
the ureter with a silver tube, 1 mm. diameter and about 1 cm. long: this 
tube is attached mechanically to, but separated electrically from, a 
similar silver tube by an ebonite tube so that the gap between the ends 
of the two silver tubes is about 3 mm. Wires attached to the two silver 
tubes are connected to a bridge consisting of two 20,000 ohm resistances 


and a balancing resistance of 8000 ohm. If the chloride content of the 


urine may exceed that of blood, i. e. if the unit is used with ansesthetized 
dogs instead of isolated kidneys, a balancing resistance of 1600 ohm 
conveniently raises the sodium chloride maximum recorded from 1 p. c. 
to about 3 p.c. 50 cycle a.c. is fed to the bridge by connecting one end of 
the filament transformer winding of the amplifier through 70,000 ohms 
to the junction of the two 20,000 ohm resistances, and connecting the 
junction of the conductivity unit and balancing resistance to the cathodes, 
and so to earth. The other corners of the bridge are connected through 
a 31: 1 A. r. 5 transformer to the grid of an a.c. HL valve which is 
resistance capacity coupled to a power triode (P.A. 1): The grid circuit 
of the latter is arranged for power grid” rectification; its anode voltage 
is prevented from changing unduly during the large variations of anode 
current and the consequent variation in the imperfectly regulated supply 
from the mains transformer and valve rectifier, by connecting to an 
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8. 130 Neon stabilizer tube. The anode current varies from about 15 mA. 
for distilled water to 45 mA. for 1 p.c. sodium chloride: with carefully 
chosen resistances in the bridge the calibration curve is so flatly S-shaped 
that it is within about 10 p.c. of being linear. 

The anode current is fed to a Weston moving-coil relay, originally 
designed to make contact with about 4 mA., but with its control springs 
strengthened so that full-scale deflection is produced by 30-40 mA. With 
a bamboo pointer attached to the moving coil, the instrument forms an 
extremely robust recording milliammeter, with a natural period of 10- 
20 o. p. s., and quite unaffected by ordinary degrees of friction on the 
smoked drum. 

The flow meter consists of two silver tubes (2 mm. diameter for urine 
flow, 3 mm. diameter for blood flow) separated by a short length of 
ebonite tube to produce thermal insulation between them. A 20 ohm 
coil of 46 8. w. G. enamelled platinum wire is wound astatically on each 
silver tube, the coils forming two arms of a bridge fed with 50 cycle a.c. 
A heater coil is wound over one of the platinum coils and is fed with an 
independent source of a.c. The flow meter is arranged so that the liquid 
passes from the silver tube with the platinum coil only, through the 
ebonite connector to the second silver tube which is surrounded by both 
platinum and heater coils. The out-of-balance potential from the bridge 
is passed through a microphone transformer (75-1) to a 2 or 3 valve 
amplifier and recording milliammeter similar to that described above. 

The urine flow unit with 2 valve amplification records ranges from 
0-0-2 c.c. per min. to 0-4 c. . per min. Intermediate ranges are the most 
generally convenient. The blood flow unit records up to 250 c.c. per min. 
with 3 valve amplification, but a larger diameter tube would be more 
efficient for the higher rates of flow. 

The flow meters, like the conductivity units, can be arranged to yield 
calibration curves which are sufficiently nearly linear for purposes of 
visual inspection of the kymograph record. More accurate values are 
obtained by inserting a milliammeter in series with each recording milli- 
ammeter, and using the calibration curve. Still more accurate values, if 
needed, are obtained by using a resistance box in the bridge, and 
measuring the flow or conductivity by a null-point method, so eliminating 
errors due to fluctuations in the gain of the mains driven amplifier. 
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muscle is immersed in the lysin for 5 min. at 25°C. 
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Reversal of the injury potential in muscle. By ERTO PonpER 


When the injury potential of the frog gastrocnemius is measured in 
the usual way, by cutting the muscle and applying one calomel half-cell 
to the cut end and another to the intact surface, paired muscles give 
potentials which may differ by as much as 20 mV. On the other hand, 
if the frog is skinned, the vertebral column cut, and the limbs kept for 
24 hours at about 6°C., the right and left gastrocnemii give injury 
potentials which are the same to within + 2 mV., and the injury potential 
obtained from one muscle, treated with a drug, etc., can be expressed 
as a percentage of the injury potential obtained from the other (un- 


treated) muscle. Ordinarily, the uninjured surface is positive to the 


cut end. 

If the muscle, before cutting, is immersed in solutions of saponin of 
different concentrations in Ringer, the injury potential found after 
cutting, and expressed as a percentage of the injury potential observed 
in the untreated muscle of the other leg, decreases steadily as the saponin 
concentration increases. If the latter is great enough, the cut end be- 
comes positive to the muscle surface, and the negative “injury po- 
tential” may be as great at 110 mV. instead of the usual positive 
potential of about 40 mV. Table I shows the general way in which the 
potential behaves as the saponin concentration increases, and when the 


I 

Potential 
in p. o. 
40,000 100 
20,000 62 
10,000 22 
5,000 - 12 
1,000 ~ 2 
500 - 120 
100 — 156 
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Plotting the potential against the logarithm of the saponin concen- 
tration gives a fairly good straight line. | 

Immersion of the muscle in saponin also results in contracture, which 
increases as the lysin concentration increases. Other substances which 
produce contracture also give rise to the reversal of potential, e.g. the 
bile salts, the carbamates, veratrine, and caffeine. So far as I know, the 
only recorded case of a reversal of what corresponds to the injury 
potential (on Bernstein’s theory) is that which Blinks has described 
in Halicystis, but this differs from the reversal in frog muscle in that it 
is an all-or-none rather than a continuous phenomenon. I have no 
explanation to advance for the reversal, and the only clue to its origin 
seems to be that it is related to contracture; its occurrence, however, 
throws considerable doubt on the validity of Bernstein’s theory, which 
regards the injury potential as a measure of the polarization potential 
of the membranes surrounding the cells. 5 

Results similar in kind, but less satisfactory quantitatively, can also 
be obtained with the frog sartorius. 
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Gas pressures in the fluids in the rabbit’s gestation sac. 
By J. ARGYLL CaMPBELL 


The rabbit was anesthetized with urethane, and a small opening 
made in the middle line of the abdominal cavity. A gestation sac was 
drawn carefully towards this opening and 0-5-1-0c.c. of nitrogen was 
injected into the yolk sac or exoccl at a point most distant from the 
placenta. With a fine hypodermic needle the uterine vessels were easily 
avoided and no bleeding nor leakage of fluid from the sac occurred. The 
posterior half of the body of the animal was kept in warm saline (39° C.) 
so that air was excluded from the abdominal cavity. The opening in the 
abdomen was kept closed by a ligature between manipulations. 

Small bubbles (0-05-0-1 c. o.) were withdrawn at intervals and analysed 
by a modification [Campbell and Taylor, 1935] of Krogh’s micro- 
method. The results recorded in Table I were obtained 3-4 hours after 


= 
8 ‘ A, 
N F. 
8 
2 
7 
. 
2 
: 
Ng 
a 
J 755 
as 
we 
1 
ry 
2 
iG 
2 
NA 
‘ 
; 
9 
A 
va 
4 
* 
224 
2 hey 
. 
Ise 
¥ 
* 
. 
* 
2 
97 
as 
Ag 
ORY 
14 BS 
a 


SOCIETY, JUNE 13, 136 69 P 


I 
Duration of Gas pressures, mm. Hg 
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injection of the nitrogen, so that there was more than sufficient time 
for equilibrium to become established between the gases in the bubble 
and those dissolved in the fluids, Considerable variations in gas pressures 
were observed, even in two sacs of the same uterus; of course the uterine 
muscle exhibits variations in activity. Urethane [Campbell, 1932 a] 
increases the CO, pressure in the tissues on an average by 4mm. Hg 
and decreases the O, pressure to a similar extent; occasionally these 
anssthetic effects may be much more marked and this may explain the 
results for Exp. No. 8. After allowing for this we conclude that the CO, 
pressure in the fluids of the sac varies between 50 and 70 mm. Hg and 
the O, pressure between 10 and 35 mm. Hg; in the few cases tested the 
pressures in the uterine secretion outside the sac were similar. The fluids 
of the sac may play an important part in the passage of gases to and 
from the embryo; the contractions of the uterus may stir up these fluids. 

In the mucous membrane of the non-pregnant uterus [Campbell, 
1932 b] the CO, pressures were found to be 40-60 mm. Hg and the O, 
pressures 20-45 mm. Hg; that is, the O, pressures are somewhat higher 
than those for the sacs of the pregnant uterus. This agrees with 
Barcroft et al. [1934] who observed that the venous blood from the 
pregnant uterus in the later stages was less saturated with O, than that 
from the non-pregnant uterus. 
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Chronic experiments on the influence of the carotid sinus on the 
respiration of the rabbit. By D. H. Smyru. (From the Physiology 
Laboratory, Queens University, Belfast) 


The influence of the carotid sinus on the respiration of the rabbit has 
been studied chiefly in acute experiments, where the results are compli- 
cated by operative shock and anesthesia. Wright [1936], in order to 
avoid these, has carried out chronic experiments, and has found that 
the central depression of respiration in response to anoxia in denervated 
rabbits only occurs under anesthesia, and is not found in the unanesthe- 
tized animal, Independently I have made a number of chronic experi- 
ments on rabbits, using a different method of recording the respiration. 
While the results agree with Wright’s work as regards the effect of 
breathing increased amounts of CO,, certain differences in the response 
to anoxia were found. A brief reference to the general nature of this 
work has been made by Smyth [1936]. 

Denervation of the vaso-sensitive areas was done at a one-stage opera- 
tion under ether anesthesia. This consisted of ligaturing the two internal 
carotid arteries at their’ origin and also distal to the carotid sinus. 
A section was also removed from each depressor nerve. Complete de- 
nervation of the aortic areas was not therefore obtained. 

Two weeks after operation investigations on the respiration were 
made by the following method. A rubber mask was fitted closely over 
the unanesthetized rabbit’s face, and kept in position by a leather collar 
round the neck. The mask communicated with a glass tube about 4 in. 
in diameter. Through this led a finer tube, by means of which a gas 
mixture could be circulated through the mask. The animal was now put 
into a glass jar just large enough to hold it. The jar was closed with an 
airtight cover, through which the tube from the mask led. Another 
opening in the cover was connected with a float volume recorder, so that 
with each respiration the volume change in the animal is measured. This 
is taken as the amplitude of respiration. It was found that the rabbit 
submitted to this procedure quietly, and the slow, even, regular records 
obtained suggest that the animal is not in any acute discomfort or fear, 
and is under reasonably normal physiological conditions. 


Advantages of the method 
1, Definite quantitative information about the 8 of respira- 
tion is nn and hence the pulmonary ventilation can be estimated. 
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2. The gas mixture being administered can be changed to another 
of known composition within a few seconds, and the results continuously 
recorded. 

3. Repeated observations can be carried out on the same animal. 

Using this method, the effects of administering various gas mixtures 
to normal and to denervated rabbits were recorded, and the following 


results obtained. R to 00, 


The denervated animal responds to increased CO, like the normal, by 
increasing both the frequency and amplitude of its respiration. 


Response to anoxia 

In contrast to Wright's findings it is seen that the unanesthetized 
denervated rabbit shows a definite depression of respiration in response 
to anoxia. This is usually apparent with 10 p.c. Or; it is quite definite 
with 7 p. o., and it is very marked with cylinder N. (1 p.c. O:). The effect 
has a gradual onset, but begins almost as soon as the gas mixture is 
inhaled. The response differs from that of the normal animal in both 
rate and amplitude. The rate instead of being increased remains unaltered 
or only slightly increased. The amplitude shows a definite depression, 


which in the response to N, may amount to 60 p.c. of its original value. 


The total result is a depression of the pulmonary ventilation. This effect 
has been obtained in four separate animals. One record is shown illus- 
trating the depression. | 
| REFERENCES 
Smyth, D. H. (1936). Irish J. med. Science, Trans. Physiol. Sect. 
Wright, Samson (1936). Quart. J. exp. Physiol. 26, 63. 


a 
4 
q 


Dag 
700 
5 
J 
o@ 
2 
7 
a 
2 
| 
* 
* 
3 
A 
a 
* . 
* 3 
. 
4 
ted 
7 
7 
* 
* 
2 
: 
& 
2 
‘a 
* 
\ * 
— 
2 
2 
ty 
4 
t 
2 
* 
% 
Un 
ag 
4 = 
4 
f pee 
2 
2 
tas 


72P PROCEEDINGS OF THE PHYSIOLOGICAL 


Relation of intestinal absorption to serum particle counts, 
By A. C. Frazer and H. C. Stewart 


The authors have recently demonstrated the difference between the 
number of ultra-microscopic particles in the serum in subjects on a 
normal diet, and in those undergoing 24 hours’ starvation. It was also 
demonstrated that a fatty meal caused a great increase of serum par- 
ticles, whereas after a non-fatty meal the particle curve sank practically 
to the basic starvation level (Fig. 2). 


Duration of experiment in hours 


after a meal. Continuous lines show bright particles, interrupted lines dull particles. 


This communication deals with a further point in connexion with 
the increase in the serum particles after food. There is a marked difference 
in the curve obtained after a meal, according to whether food has been 
taken within the previous 12 hours. 

The curve obtained, when food is eaten during the post-absorptive 
period of a previous meal, shows a definite rise in the number of particles 
within 15 min. of ingestion. This is termed the initial rise. This increase 
is not maintained, and, provided specimens are examined at short in- 
tervals, it is possible to demonstrate a fall in the particle count before 
the main rise occurs (Fig. 1). The latter is termed the delayed rise, 
and starts 14 hours after ingestion. 
The curve obtained after a meal, when there has been 24-100 hours’ 
starvation previously, shows no initial rise, the curve maintaining a 
steady starvation level for 14 hours after ingestion, when the normal 
delayed rise occurs. 0 
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Fig. 2 illustrates the dissociation of these two phases. Curve A, from 
a subject who had a fatty breakfast followed by a non-fatty lunch, 
shows, after lunch, an initial rise only, and no delayed rise. Curve B, 
from a subject who had a non-fatty breakfast and a fatty lunch, shows 
no initial rise, but a marked delayed rise. 8 

Thus the initial rise occurs immediately after ingestion, before the 
ingested food can have had time to be absorbed; it only occurs when 


Particles per field 


Duration of experiment in hours 


Fig. 2. Serum particle curves from two human subjects. A had a fatty breakfast and 


non · fatty lunch, and shows initial rise only. B had non · fatty breakfast and fatty lunch, 

giving delayed rise only. Continuous lines show bright particles, interrupted lines 

dull particles. 
fatty food has been taken during the previous 12 hours, and it is absent 
after a period of starvation or when non-fatty meals only have preceded 
the ingestion of fat. It is therefore suggested that the initial rise is 
due to the stimulus to intestinal movements derived from the ingestion 
of food, and the consequent passage of chyle, laden with fat from the 
previous meal, into the blood stream. The delayed rise is due to the 
fat from the second meal, which is now being absorbed. 


Guanidine and parathyroid extract. By Davip Burns 


Burns and Watson [1918, 1920] demonstrated that stimulation of 
the peripheral end of the cut vagus was less effective in causing a fall 
of blood pressure in dogs and cats after parathyroidectomy or after 
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guanidine intoxication. These observations were confirmed and extended 
by Burns and Secker [1935]. 

Three fox-terrier pups of the same litter injected with parathyroid 
extract (2500 units each over a period of 5 months) were given 120 mg. 
per kg. of guanidine carbonate, and their vagal sensitivity measured 
before and after this intoxication. Guanidine did not have the marked 
desensitizing effect shown by their three litter mates untreated with 
parathyroid. In fact, the mild vagal block shown by the former pups, 
instead of persisting or increasing as in the untreated animals, was 
succeeded by a vagal sensitivity greater than normal. 


REFERENCES 
Burns, D. and Watson, A. (1918). J. Physiol. 52, 88. 


Burns, D. and Watson, A. (1920). Ibid, 58, 386. 
Burns, D. and Secker, J. (1935). Ibid. 84, 16 P. 


Acute oxygen lack and capillary permeability in man. 
By J. McMicuart and K. M. Morris 


The experiments on animals which are held to indicate that oxygen 
lack causes increased permeability of the capillaries have usually in- 
volved complete deprivation of oxygen [e.g. Landis, 1928]. 

In the human subject with the arm congested by a sphygmomano- 
meter cuff, filtration usually occurs at a very uniform rate for a few 
hours until swelling ceases, probably as a result of tissue tension. The 
arm volume can readily be measured with an accuracy of + 0-5 p. o. by the 
method suggested by Smirk [1935]. In the same subject the rate of 
filtration, when measured repeatedly under the same conditions, is re- 
markably uniform, although it can be varied by altering the hydrostatic 
pressure in the veins. 

Breathing mixtures containing percentages of oxygen as low as 9-5 
is without effect on the rate of swelling of the human arm. High CO, 
percentages in the air respired are also without effect on the rate of 
swelling, even when combined with low oxygen percentages. 

Unless the effects of chronic oxygen lack are different from those of 
this acute type, the slight lowering of oxygen tension in the capillaries 
which occurs in cardiac failure appears unlikely to increase capillary 


permeability. 
REFERENCES 


Landis, E. M. (1928). Amer. J. Physiol. 88, 528. 
Smirk, F. H. (1935). Clin. Sci. 2, 57. 
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Maintenance of the ovarian and luteal functions, and of 
pregnancy in the hypophysectomized rabbit. By J. M. Rosson 


Removal of the pituitary in the pseudo-pregnant rabbit leads to 
degeneration of the corpus luteum [White and Leonard, 1933]. In 
the pregnant rabbit hypophysectomy is followed by cessation of the 
luteal function and by interruption of the gestation [Firor, 1933; 
Robson, 1936]. When the operation is performed in the later stages of 
pregnancy, abortion follows within 24-48 hours. 
_ Rabbits were hypophysectomized on the third day of pseudo-preg- 
nancy (induced by gonadotropic hormone injections) and small doses 
of gonadotropic hormone from pregnancy urine were then injected intra- 
muscularly night and morning on the day of hypophysectomy and on 
the following days. Pseudo-pregnancy, including full progestational 
Proliferation of the uterus, was maintained for at least 8 days after 
_ hypophysectomy. Macroscopically and microscopically the corpus 
luteum was similar to that in the animal with the pituitary intact. 
Pregnant rabbits were hypophysectomized on the 22nd-23rd day of 
pregnancy and gonadotropic hormone was then injected night and 
morning, as in the pseudo-pregnant animals. In all cases abortion was 
‘prevented for some time and in one animal pregnancy was carried on 
to full term and normal parturition occurred. The corpora lutea were 
morphologically similar to those seen at normal parturition. When 
pregnancy was not carried on to full term the gonadotropic hormone 
injections brought about excessive stimulation of the ovaries, as shown 
by the formation of hemorrhagic spots in the ovaries. 
Three days after the removal of the pituitary of non-pregnant rabbits 
the intravenous injections of a single large dose (five to ten times the 
ovulating dose) of gonadotropic hormone (from pregnancy urine, horse 
_ pituitary or cestrous rabbit pituitary) fails to produce any effects of the 
ovary. However, twice-daily injections of small doses of gonadotropic 
hormone maintains the ovarian reactivity, and under those conditions 
ovulation was observed as a result of the injection of an ovulating dose 
administered up to 12 days after hypophysectomy. 


REFERENCES 
Firor, W. M. (1933). Amer, J. Physiol, 104, 204. 


Robson, J. M. (1936). J. Physiol. 86, 171. 
White, W. E. and Leonard, 8. L. (1933). Amer. J. Physiol. 104, 44. 
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The chemical agent of the sympathetic nerve in the 
membrana nictitans of the cat. By J. SECKER 


In previous communications [Secker, 1934, 1936] it was shown that 
the secretomotor fibres to the submaxillary gland in the cervical sympa- 
thetic nerve of the cat had their activity enhanced by eserine. The 
secretory response to adrenaline was also increased but to a greater 
degree. Further, the secretory responses to nerve stimulation or to in- 
jected adrenaline could be inhibited by atropine if given in sufficient 
quantity. 

In their criticism of the interpretation of these results Feldberg 
and Guimarais [1935] suggested that the potentiation was due to the 
action of eserine on the chorda supply of the gland. 

The retractor mechanism of the nictitating membrane (n.m.) of the 
cat has been shown by Rosenblueth and Bard [1932] to consist of 


smooth muscle innervated by the cervical sympathetic nerve, and is a 


convenient preparation on which to study the mode of action of the 
sympathetic fibres. Bacq and Fredericq [1935] found that in three 
out of five cases eserine sensitized to, and atropine reduced the effect of, 
electrical stimulation of the sympathetic nerve on the n.m., and con- 
cluded that in these cases the nerve contained cholinergic fibres. 

Experiments on cats anesthetized with Na veronal (0-4 g. per kg.) 
have been made, and the retraction of the n.m. following stimulation 
of the nerve or injection of aline has been recorded and the influence 
of eserine and of atropine on the régponses studied. In these experiments, 
as in those on salivary secretion, the eserine itself did not cause a response, 
and an interval of 20 min. was always allowed between the giving of 
eserine and any further interference. 


Eserine (0-3 mg. per kg.) caused an increased response to either 


_ stimulus, and atropine in increasing doses caused a graded inhibition of 
the responses. The amount of atropine necessary was always in excess of 
that required to inhibit the effects of stimulation of a cholinergic nerve 
such as the chorda. | 

That the effects of eserine and of atropine are not due to the presence 
of cholinergic fibres seems obvious from the effects of acetylcholine on 
the membrane. Intravenous injection of acetylcholine (0-002 mg. per kg.) 
while producing a marked effect on the blood pressure was in several 
experiments without effect on the membrane even after eserine had been 
given. The potentiating action of eserine on the n.m., described above, 
could always be obtained in these experiments in which acetylcholine 
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was ineffective. In two cats acetylcholine in larger dose (0-03 mg. per kg.) 
did cause a slight contraction of the membrane, but the extent of con- 
traction was negligible when compared with that following nerve stimu- 
lation or injection of adrenaline. 

These observations show that the sympathetic mechanism of the 
n.m. in the cat resembles the sympathetic mechanism to the sub- 
maxillary gland in being sensitive to eserine and to atropine. 


REFERENCES 


Bacq, Z. M. and Fredericq, H. (1935). Quoted from Physiol. Abst. 1935, 20, 427. 
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Rosenblueth, A. and Bard, P. (1932), Amer. J. Physiol. 100, 537. 

Secker, J. (1934). J. Physiol. 82, 293. 

Secker, J. (1936). Ibid. 86, 22. 


The interaction of intrarenal and extrarenal pressures. 
By F. G. Herman and F. R. Winton 


The concept of intrarenal pressure has hitherto been inferred from 
rather indirect evidence, such as the fact that increases of ureter or 
venous pressures do not reduce the urine flow unless the increase exceeds 
a particular value. 

Fairly direct evidence that the intrarenal pressure obstructs the 
outflow of urine by exerting a lateral pressure on some part of the 
tubules is provided by the diuretic effects of lowering the pressure of 
the air in a chamber enclosing the kidney below atmospheric pressure— 
the arterial, venous, and ureter cannule passing through a cork so that 
the venous blood and urine emerge at atmospheric pressure. This evi- 
dence may be summarized as follows: 

(1) Reduction of the extrarenal below the atmospheric pressure in- 
duces an increase of urine flow. 

(2) This increase of flow is progressively greater, the greater the 
reduction of pressure, until it reaches a definite value; lowering the 
extrarenal pressure below this value produces no further increase in 
urine flow. 

(3) This critical value of the extrarenal pressure is roughly equal to 
the intrarenal pressure as inferred from the ureter-pressure, urine-flow 
curve, i.e. usually about 10mm. Hg in the isolated kidney at body tem- 
perature, and correspondingly higher in the cold kidney [Winton, 1934]. 
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(4) In a kidney secreting against a constant ureter pressure exceeding 
the minimum value needed to affect the urine flow, a lowering of the 
extrarenal pressure produces no increase in urine flow. 

(5) In a kidney exposed to an extrarenal pressure lowered beyond 
the minimal value needed to induce a maximal diuretic action, even a 
small increase of ureter pressure affects the urine flow, i.e. the plateau 
phenomenon in the ureter-pressure, urine-flow curve, from which the 
existence of intrarenal pressure was inferred, vanishes. 


(6) The order of magnitude of the anti-diuretic action of the intra- 


renal pressure can be calculated by extrapolation of the ureter-pressure, 
urine-flow curve [Winton, 1934]; it is the same as the order of the 
maximal diuresis which can be produced by lowering the extrarenal 
pressure. For example, in one kidney the ureter-pressure, urine-flow 
curve indicated that, if the intrarenal pressure of 11 mm. Hg could be 
removed, the urine flow should be increased by 45 p. c.; subsequent 
lowering of the extrarenal pressure by 10mm. Hg or more actually 
increased the urine flow by 53 p.c. These observations were made on 
the pump-lung-kidney preparation of the dog. 


REFERENCE 
Winton, F. R. (1984). J. Physiol. 82, 27 P. 


Afferent discharges in the depressor nerve. By G. STELLA 
The purpose of this research was to elucidate the nature of an afferent 


discharge in the depressor nerve which persists after the animal’s arterial - 


pressure has dropped to zero [ Karasek, 1933; Bergami and Sacchi, 
1935], and which has been attributed by these authors to vagal and 
sympathetic fibres running together with the depressor. While the pul- 
monary origin of some of the impulses was supported by their direct 
dependence upon the state of inflation of the lungs, no proof was given 
in support of the contention that the remaining impulses were coming 
from the sympathetic. The subject was reinvestigated in view also of 
the intimate connexion of the depressor nerve with the “glomus aorti- 
cum” [Muratori, 1934, 1935; Nonidez, 1935, 1936], whose function is 
still very obscure. Cats were used, anesthetized with chloralose and 
urethane. The usual technique for amplifying and recording was em- 
ployed. The presence of impulses slightly slower than those coming at 
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each systole, which were also visible during diastole and which persisted 
even when the arterial pressure was dropped to zero, was confirmed. 
These impulses were still visible after all possible connexions with the 
pulmonary vagus had been severed. They were in no way affected by the 
respiratory conditions of the blood; and were also unaffected by painting 
the sympathetic chain on both sides with nicotine 0-1-1 p.c. or with 
percaine 5 p.c., or even by total extirpation of all the thoracic sympa- 
thetic chain. On the other hand they were greatly increased by the 
slightest caudal pull on the heart or the aorta. In some animals with 
opened thorax the sensitivity to the slightest pull in that direction was 
so great that the activity of the nerve showed large variations in an 
inverse direction to the degree of inflation of the lungs, and the degree 
of support thus afforded by the lungs to the heart. 

These impulses were also easily increased in number by pinching of 
the arteries in the region of the distribution of the depressor nerve (aorta 
and left subclavian for the left depressor, origin of the right common 
carotid and right subclavian for the right depressor). Local mechanical 
stimulation of all the other regions of the mediastinum was entirely 
without effect. Finally all activity in the depressor disappeared after 
denervation of the territories of distribution of the depressor. The latter 
result was specially clear in the case of the right depressor, in which the 
denervation of the right subclavian and the common carotids was carried 
out by tying and releasing a ligature placed around the two together, a 
little above their origin. 

Complete silence of the nerve invariably followed, while on the 
contrary a similar temporary ligation of the innominate artery just 
below the origin of the left common carotid had no effect upon the 
activity of the nerve. 
5 The evidence so far produced, in conclusion, points against the sym- 
pathetic origin of these impulses, which seem to be due to the persistent 
activity of some stretch receptors possibly caused by some tension of the 
arterial walls still present after the — blood pressure has fallen 
to zero. 
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The action of preganglionic impulses on ganglion cells. 
By J. C. EccLEs 


Single volleys have been set up in the cervical sympathetic in separate 
groups of preganglionic fibres and their interaction on the ganglion cells 
has been investigated by analysis of the action potentials produced in the 
superior cervical ganglion by the two volleys in various temporal rela- 
tionships with one another. When each volley only involves a small 
fraction of the S, preganglionic fibres, this analysis indicates that impulses 
may be discharged from many ganglion cells in addition to those respond- 
ing to either volley alone. This additional response, which is indicative of 
spatial facilitation, is large when both volleys reach the ganglion within 
2 msec. of one another, but thereafter it declines rapidly and a minimum 
occurs at about 4 msec. followed by a gradual increase to a second 
maximum at about 15 msec., beyond which the facilitation declines and 
finally disappears in 150-200 msec. Temporal facilitation (shortening of 
the synaptic delay of the response) follows a similar time course except 
that it is slight with simultaneous stimuli, the first maximum being 
attained when the second volley reaches the ganglion about 2-3 msec. after 
the first. 

Now c.e.s., which is responsible for the second wave of facilitation, 
can no longer be regarded as directly setting up the discharge of impulses 


from ganglion cells, for in response to a preganglionic volley its time 


course (beginning at the end of the synaptic delay and increasing for a 
further 15 msec.) is much too late and slow to explain the single volley of 


- impulses which is discharged from the Si ganglion cells with an asyn- 


chronism of never more than 3 msec. Moreover, nicotine in small doses 
diminishes or abolishes c.e.s., and at the same time even lowers the 
threshold at which ganglion cells discharge impulses. It therefore appears 
that preganglionic impulses excite ganglion cells to discharge impulses by 
exerting the much quicker stimulating action which is revealed by the 
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first wave of facilitation. Now this facilitation occurs for impulses 
reaching the cell by different preganglionic fibres, hence it is due to an 
actual summation of the responses of the ganglion cell to each impulse and 


not to an increased concentration of synaptic transmitter produced by 


diffusion and summation outside the cell, for such diffusion would be too 
slow to account for the rapidity of the facilitation. 

The discharge of an impulse is a type of explosive act of the ganglion 
cell, the preganglionic impulses having an action resembling that of a 
detonator; hence this first wave of facilitation may be called the detonator 


response of the ganglion cell. On account of its short duration the deto- 


nator response is only demonstrable when there is a summation of re- 
sponses to impulses in different preganglionic fibres. In some experiments 
such summation is not demonstrable, the detonator responses presumably 


not then spreading sufficiently far from their points of origin at the 


respective synapses. Thus an impulse is set up by a ganglion cell when a 
sufficiently large detonator response is produced either by a single impulse 
incident at a synapse or by summation of the detonator responses evoked 
by two or more impulses incident at different synapses. The c.e.s. 
secondarily developed lowers the threshold at which a subsequent 
detonator response sets up an impulse, but cannot itself normally be 
effective in setting up the discharge of impulses. No electrical potential 
can be detected during that part of the detonator response which precedes 
the setting up of the discharge, so in this respect it resembles the local 
excitatory state of peripheral nerve and differs from c.e.s. 

The time course of the first wave of temporal and spatial facilitation 


indicates that the detonator response reaches its maximum towards the 


end of the synaptic delay and then rapidly diminishes, but the time course 


cannot be accurately determined in this way, for it is not known at what 


point during its synaptic delay that the second volley tests the excita- 


bility. The rapid course of the detonator response argues for at least as 


rapid a destruction of the synaptic transmitter which is causally related 
to this response, and this rapid destruction does not appear to be due to 
cholinesterase for eserine does not prolong the detonator response, nor 


does it cause a single volley to set up a repetitive discharge. The hypo- | 


thesis identifying acetyl choline with the synaptic transmitter can 
therefore only be sustained if it explains in some other way an inactiva- 
tion of acetyl choline in as short a time as 5 msec. 

Similar experiments demonstrate a rather slower, but otherwise 
similar, detonator response for S, ganglion cells. In the motoneurones of 
the oculomotor nerve Lorente de No [1935] has demonstrated two 
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facilitation waves which, relative to the much shorter synaptic delay, 
appear comparable with the two waves here described. It therefore 
seems probable that the first wave is not due to c.e.s. as he supposes, 
but is the detonator response, the second wave being due to c. e. s., though 
doubtless some of it may be due to internuncial impulses. Such an 
explanation is in harmony with his experimental evidence, and suggests 
that a detonator response may be the initial response set up in all neurones 
by impulses incident at the synapses. Further in different neurones the 
time courses of the detonator responses and c.e.s. may be related to the 
respective synaptic delays. 


REFERENCE 
Lorente de No, R. (1935). Amer. J. Physiol. 118, 505, 524. 


The Berger rhythm in the monkey’s brain. By E. D. Aprian 


Bremer [1935-6] has shown that it is possible to record from the 
cat’s brain potential waves at 10 per sec. resembling the waves which 
Berger [1929] has found in man. To obtain them in the cat either the 
cortex must be isolated from sensory disturbance by transecting the mid- 
brain or else the animal must have been anesthetized for some hours 
with one of the barbiturates. Waves at 10 per sec. then occur in short 
outbursts separated by intervals of a few seconds. They may arise from 
any part of the cortex. Records with three oscillographs show that they 
come from scattered foci which are rarely more than a few mm. in 
diameter. 

More definite information is supplied by records from monkeys 
(Rhesus) under dial. In these the groups of waves occur mainly in the 
striate area; the rest of the cortex tends to give irregular rhythms, 
though occasional 10 per sec. groups can be recorded. The groups in the 
striate area seem to arise and subside spontaneously at intervals of 
2-10 sec. (depending on the depth of anesthesia), and apart from them 
there is very little activity as long as the animal is in the dark. With 
suitable anesthesia illuminating the eyes has a twofold result. The im- 
mediate effect is an outburst of rapid, irregular oscillations lasting for } sec. 
or more, and this is followed by a group of waves at 10 per sec. resembling 
those which occur spontaneously. When the light is turned off there is 
a renewed irregular discharge of short duration, and this again is followed 
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bya train of waves of the spontaneous type at 10 per seo. Thus illuminating 
or darkening the eyes throws the striate area into an activity giving the 
rapid confused electrical effect which would be expected, and this 
activity seems to arouse the cortex to produce a group of the spontaneous 
waves. Presumably it does so by causing some degree of “facilitation” 
which raises the excitability of the neurones to the level required for a 
spontaneous discharge. 

This result throws some light on the change from sleep to waking in 
man. During deep sleep, with the eyes closed and the muscles relaxed, 
there will be little induced activity in the cortex, and in the absence of 
facilitation the excitability of the neurones will fall to a very low level. 
Thus in very deep sleep the Berger waves occur infrequently or not at 


all [Adrian & Yamagiwa, 1935; Loomis et al. 1935], Adequate 4 
sensory stimulation causes a return of the waves without necessarily a 
arousing the sleeper. The activity induced in the cortex must have 72 
produced some general facilitation, but this tends to subside if the 1 


stimulation is not repeated. If it is repeated until the sleeper wakes, the . 
waves may become almost continuous as long as the eyes are closed, i 
though they cease as soon as the eyes are opened. The cortical excitability 1 
will now have been raised to the waking level, for the stimulation will bs 
have produced movement and a return of tone in the muscles; thus the 
sensations from the limbs will reinforce the initial facilitation. When the 4 
eyes are opened the spontaneous waves will be superseded, as in the é 
monkey, by a more rapid and asynchronous activity. 0 
Various differences are to be expected between the state of the cortex 5 


in man asleep and in the monkey under dial. The most obvious difference 5 
is that the monkey cannot be woken. Clearly the dial is not exactly 1 
equivalent to the factor (? hypothalamic) which is responsible for the 1 


regular cycle of sleep and waking. But it is probable that the rapid 
changes from sleep to waking and vice versa, induced by opening and 
closing the eyes and by other sensory stimulation, operate mainly by . 
changing the level of facilitation in the cortex. This hypothesis differs 1 
little, if at all, from that advanced by Kleitman (1929). : 


Adrian, A. D. & Yamagiwa, K. (1935). Brain, 58, 323. 72 
Berger, H. (1929). Arch, Psychiatr. 7, 527. 13 


Bremer, F. (1935). C. R. Soc. Biol., Paris, 118, 1235, 1241. 
Bremer, F. (1936). Ibid. 121, 861. f 

Kleitman, N. (1929). Physiol. Rev. 9, 624. ae 
Loomis, A. L., Harvey, E. Newton & Hobart, G. (1935). Science, 81, 597; 82, 198 be 
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Overflow diabetes and toxic phenomena due to the infusion of 
glucose in normal dogs. By M. Wierzucnowsxt. (Introduced 
<< (From the Joseph Pitsudski University in Warsaw, 


When glucose is injected intravenously at a high constant rate in 
resting dogs, 24 hours after carbohydrate diet, first (a) the dehydration 
phenomena appear. If, however, these are prevented by proper water 
regulation (6) the symptoms related to hyperglycemia show themselves 
and follow the increasing level of blood sugar. In connexion with dis- 
turbance of the water regulation (o) the syndrome of hemoglobinemia 
may show itself. (d) The symptoms connected with the infusion of large 
amounts of liquid and with demineralization may contribute to the 
picture. In the present communication only symptoms connected with 
hyperglycemia will be briefly described. 

With the rising rate of constant glucose supply the glucose assimila- 
tion [Wierzuchowski, et al. 1935], oxidation [Wierzuchowski, 
1935 5, total heat production of the body [Wierzuchowski, 1935a] 
and lactic acid formation [Wierzuchowski & Chmielewski, 1935, a, ö] 
increase. Up to the level of about 700 mg. of sugar per 100 c. o. of blood 
no distinctly observable abnormal phenomena can be recorded. 

If, between the rates of supply of 5-8 g. of glucose per kg. body 
weight per hour, the second half of a 6-hourly infusion period is observed 
it is at a level of about 700 mg. of sugar per 100 c.c. of blood that a 
condition appears which may be called overflow diabetes. Each new 
addition of glucose does not increase any more the heat production, 
oxidation, assimilation of glucose and lactic acid formation in this con- 
dition, but is completely or almost completely eliminated and in such 
way “overflows” into the urine from the overcharged workshops of the 
body [Wierzuchowski, 1936]. It is not until glucose is injected at a 
rate of 7-8 g. per kg. per hour and at a much higher blood-sugar level 
than 700 mg. that the same condition appears in the total experiment 
(6-hourly infusion + after-infusion period). This condition can be observed 
in a normal dog up to the level of about 2000 mg. of blood sugar. At 
higher blood-sugar levels, kidney. lesions disturb the observation of 
diabetes which, however, evidently continues to exist until the death of 
the animal. At higher glucose infusion rates the retention of glucose by 
the organs of amytalized dogs seems to be stabilized at a certain 
maximum level and does not increase any more, when glucose concen- 
tration in the blood passing through these organs is rising to the highest 
possible level [Wierzuchowski et al. 1935). 

Between 1000 and 2000 mg. of blood sugar and also above, when the 
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specific dynamic action and oxidation of glucose are most pronounced, 
slight narcotic action in normal dogs is to be seen. The dogs vomit from 
time to time a few o. o. of mucous fluid coloured with bile and fall asleep 
again. The following symptoms are obtained with the infusion rate of 
9 g. per kg. per hour. 

After the level of 2000 mg. of blood sugar has been passed, the dogs 
become restless, At a level of about 2500 mg. slight and transitory 
nystagmus appears, which is getting more and more intense with the 
increasing blood-sugar level. ‘‘Marionette-like” movements of the head 
and stretching out of the claws like in cat can now be noticed. 

Beginning with the level of 2000 mg. of blood sugar the course of 
events depends chiefly on the kidney function. In many dogs already at 
this level slight diminution of diuresis begins to appear. This occurs when 
the hourly glucose elimination in the urine reaches the level of about 
5 g. per kg. per hour. In most of the dogs, kidneys do not bear this strain 
any longer than perhaps 2 hours, The quicker the kidney lesion appears 
and the more intense it is during the constant glucose supply (9 g. per kg. 
per hour), the sooner the experiment is approaching its fatal end. 
Albumen appears in the urine. Normal nitrogen constituents of the urine 
are retained in the body. Glycosuria diminishes, and in connexion with 
that the blood-sugar concentration rises steeper and steeper. 


At about 3000 mg. of blood sugar clonic-tonic convulsions with | 


opisthotonus manifest themselves raising quickly the body temperature 
up to a high level. At about 3500 mg. the dogs are getting into a state of 
excitation interrupted by convulsions, and nystagmus becomes violent. 
Just before death, which occurs at 3700-3800 mg. of sugar in oe 0. o. of 
blood, a state of general depression appears. 

If the blood- sugar level is raised even transitorily to 2500 or 3000 mg., 
some of the animals die within days or weeks with nephritic symptoms. 
If, however, at this, or even a higher, blood-sugar level (up to 3200 mg.) 
only slight diminution of diuresis appears, they may recover, even if 
nystagmus was present. Manifest diminution of diuresis and appearance 
of convulsions seem to be fatal signs. 

Macroscopically, the chief findings at the autopsy are: (1) peracute 


2 * changes, and (2) lesions of the meninges and of the 
rain. 
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The oxidation of adrenaline in vivo. By Z. M. Baca. 
(Introduced by H. H. Datz) 


‘Two communications have recently been made to the Society on the 
disappearance of adrenaline in vitro in blood [Bain et al. 1936 a, ö] and by 
oxidation with enzymes from liver [Blaschko & Schlossmann, 1936]. 
In both cases the authors appear to have been dealing with actions pro- 
ceeding so slowly that periods measured in hours were required for the 
removal of quantities of adrenaline which, when proportionately injected 
into the circulation of a normal animal, are no longer active or detectable 
in the blood serum a few minutes after the injection. Such evidence does 
not appear, as Blaschko and Schlossmann suggest, to exclude the 
possibility that Sympathin E“ may be partially oxidized adrenaline 
under the conditions of the living body. In favour of the view that the 
action of adrenaline in vivo is brought to an early end by an oxidation 
process in the tissues, is the fact that this action is potentiated and pro- 
longed by injection of certain substances which, in vitro, protect adrenaline 
from oxidation (pyrogallol, catechol, hydroxy-hydroquinol, thyroxine). 
The action of these substances is particularly obvious after postganglionic 
denervation. For instance, ly of adrenaline intravenously causes a 
contraction of the denervated nictitating membrane of the cat which 


_ lasts for not more than 3 min. After injection of 5 mg. of pyrogallol, the 


same amount of adrenaline will evoke a steady contraction lasting 30 min. 
or more. Under such conditions adrenaline disappears from the blood 
serum with the normal rapidity. Its persistence is apparently in the 
tissues. 
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Pharmacological investigations on smooth muscle. 
By J. C. Eoorxs and J. W. MaGiaDEeRy 


The analysis of the action potential of the smooth muscle in the cat’s 
nictitating membrane [Eccles & Magladery, 1936] has been continued 
by investigation of the actions of adrenaline and piperidomethyl-3- 
benzodioxane (933F of Fourneau & Bovet) on the electrical and 
mechanical responses. 
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Adrenaline. Intravenous injection of 10y per kg. gives rise to a pro- 
longed contraction of about 4 g. tension accompanied by a rapid irregular 
series of minute action potentials. During this adrenaline response the 
“twitch” evoked by a maximal volley in the postganglionic trunk of the 
superior cervical ganglion is greatly diminished in tension, and the A 
spike of its action potential is reduced to a small brief diphasic response, 
while the B wave is almost abolished. However, the late rhythmic waves 
of the maximal “‘twitch” may still appear above the background of the 
adrenaline response, though their asynchronism is increased. As the 
adrenaline response declines, the maximal “twitch” recovers both 
electrically and mechanically. These observations indicate that adrenaline 
excites the smooth muscle units to respond rhythmically but asyn- 
chronously at so rapid a frequency that, when tested by a maximal 
volley, most units are found to be in a refractory state. 

The rhythmic responses of smooth muscle units set up by one or more 
volleys of incident nerve impulses differ from the adrenaline responses in 
being less asynchronous, often appearing in definite waves; hence under 
such conditions the recovery of the units from refractoriness is well shown 
by the inreasing A spikes elicited by a testing maximal volley placed 
progressively later in the interval between any two successive waves. This 
recovery parallels that already described as following the initial A and B 
complex [Eccles & Magladery, 1936]. 


933 F. Intravenous injection of 4 mg. per kg. greatly depresses the 


response of the nictitating membrane to adrenaline, and shortens and 
depresses, but to a less extent, the “twitch” elicited by maximal stimu- 
lation of the postganglionic trunk, thus confirming Monnier & Bacq 
[1935]. The electrical and mechanical observations show that this de- 
pression and shortening of the “‘twitch” is largely due to a diminution of 
the repetitive response which is indicated by the late rhythmic waves 
following the initial electrical complex. 

A maximal “twitch” interpolated in the greatly decreased adrenaline 
response now suffers a much smaller depression both mechanically and 
electrically (A spike) indicating that very few units are now responding 
rhythmically under the adrenaline stimulation. Thus the effect of 933F 
on both the “twitch” and adrenaline contractions is greatly to diminish 


the spontaneous rhythmic responses of the muscle units, again —= 
the essential similarity of these two responses. 


933 F in doses up to the lethal dose (about 8 mg. per kg.) rea a no 


significant change in the initial A spike, but usually diminishes the B wave 
and always increases the later positivity. The diminution of the B wave 
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is never as great as that of the late rhythmic waves, but, nevertheless, 
such observations lend some support to the original suggestion that the 
B wave is the first of the rhythmic series of responses set up by the chemi- 
cal transmitter, the smaller effect of 933 F on it being perhaps explicable 
by the B wave being set up by an initial more direct action of the trans- 
mitter. Even when the B wave and the late rhythmic waves have been 
almost entirely abolished by 933 F, a maximal volley elicits a considerable 
mechanical “twitch”, an observation indicating a direct connexion 


between the A wave and the mechanical response of the muscle. 


Since the response to adrenaline appears to be a spontaneous rhythmi- 
city of the smooth muscle units, it is possible that smooth muscle tone in 
general is due to such a rhythmicity arising from various environmental 
changes around the muscle fibres. Smooth muscle tone would then 
resemble postural tone of skeletal muscle in being a series of asynchronous 
responses of the individual units, but would differ from it in that the 
rhythm arises locally in the muscle fibres themselves. The complete 
asynchronism of the adrenaline response suggests that there is very little 
tendency for the units to beat in phase, the imperfect synchronism of the 
late rhythmic waves of the “twitch” being perhaps due to the units being 
synchronized by the initial A and B response. 
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Osmotic pressure and velocity of impulse in Maia nerve. By J. 
I. CHAN and H. Rosensere. (From the Marine 


Biological Laboratory, Plymouth) 


On the basis of Nernst’s theory that electrical excitation in nerve is 
initiated by a local change in concentration, Broemser [1920] advanced 
the hypothesis that the conduction of the impulse is effected by a wave- 
like propagation of the osmotic disturbance. The velocity of this wave 
v=V9,/c, ps being the osmotic pressure of the solution and o the density 
of the solvent. Broemser found that the observed and calculated 
velocities in frog’s sciatic nerve corresponded quite closely under iso- and 
hypertonic, but less closely under hypotonic conditions. Tanaka [1925 
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in collaboration with Rosenberg] could not confirm these results: the 
normal velocity declined progressively in saline of both half and double the 
isotonic concentration. Obviously this simple formula does not embrace 
the facts since the osmotic oscillation is rapidly damped by friction. 
Broemser [1925], therefore, introduced additional forces, liberated by 
metabolic processes, which should counterbalance the frictional loss. ene 
action potential, of course, actuates a similar relay mechanism. 

Thin non-medullated nerves of loose texture presumably offer better 
conditions than medullated nerves with their tight peri- and endoneurium 
for the establishment of an equilibrium between fibre content and en- 
vironment [see Netter, 1927]. We investigated, therefore, the changes in 
velocity of the action potential wave in Maia nerves subjected to dif- 
ferent osmotic pressures. Several isolated bundles of the lower (sensory) 
part of the limb nerve were immersed firstly in isotonic solution, then in 
hypo- and hypertonic solutions respectively for 4-1 hour and finally 
retransferred into isotonic solution in which the control nerve was per- 
manently kept. The solutions were prepared from a crab saline [Pantin, 
1934] of double the normal strength (with the lower Mg concentration 
recommended by Pantin); the pH of the different solutions was ad- 
justed to that of Plymouth sea water. According to other data the normal 
solution was slightly hypertonic [Cowan, 1934]. After each treatment 
the velocity was tested for two different conducting lengths (about 20 and 
40 mm.). Owing to the necessity of frequent manipulation thicker bundles 
than those used in our previous experiments were selected [Bogue & 
Rosenberg, 1936]. Diphasic responses were generally recorded in order 
to avoid repeated injury; monophasic conditions did not influence the 
results, 

Solutions of 0-75 and 1-5 times the isotonic concentration were used, 
since weaker and stronger concentrations were unsuitable. The equili- 
brium attained between nerve and surrounding fluid was checked by 
determination of the D.c. resistance per cm. length of nerve. On an 
average the resistance was increased by 36 p.c. after 39 min. in 0-75 and 
decreased by 24-5 p.c. after 46-5 min. in 1-5 saline. The hypotonic nerves 1 
regained their original resistance in isotonic saline after 49 min., whereas 75 
the resistance of the hypertonic nerves exceeded the initial level by 27 p.c. 
after resoaking i in isotonic saline for about the same period. The control 
nerves in isotonic saline increased their resistance by 6 p.c. during the 
second hour, The velocity of the action potential wave remained un- 
altered in these isotonic nerves. It was reduced by 21 p.c. in 0-75 saline 

and almost recovered in isotonic saline (to —5 p.c.). In 1:5 saline the 
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velocity diminished by 15 p. o.; after transference to isotonic saline the 
nerves did not recover or even ceased to respond. The failure might be 
due to destruction by swelling of the shrunk fibres since nerves kept for 
1-1} hours in hypertonic saline did not deteriorate. In spite of the de- 
celeration in hypo- and hypertonic electrolyte solutions the action po- 
tential wave was propagated without decrement in velocity. The 
results in non-medullated nerves agree with those of Tanaka in me- 


+ dullated nerve and do not support Broemser’s basic conception. 

| m./sec, | 

Soaked 10 ohms No. of 
. Nerve in 90. (min.) Near Far per em. exps. 
ui Isotonic (normal) 16-5 44-0 3°74 3-81 68-4 9 
73 Hypotonie (0-75) _ 16-5 39-0 2-98 2-99 92-9 

4 Isotonic (recovery) 16-6 49-0 3-58 3°57 69-0 a 
4 Isotonic (normal) 16°5 62-0 392 3-96 770 8 
Hypertonic (1-5) 16-5 46-5 3-35 3:36 58-1 

* Isotonic (recovery) 16˙3 46-0 3-49 3°38 102-0 3 
Isotonic (normal) 1% 765300) 2% 
5 Isotonio (control) 16˙5 65-0 3-89 389 74.6 
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Histamine and adrenaline dilatation in saline perfusion 
experiments. By R. J. S. McDowatt and I. Mo WEA 


In 1926 it was shown by Hemingway & MeDowall that histamine 
dilatation can be obtained in saline perfusions of the hindlimbs provided 
steps are taken to prevent the tissues becoming too acid. It is now found 
that if an alkaline tone [Mo Dowall, 1928] is produced by perfusion with 
a saline solution of pH8 but free from calcium the effect of the histamine 
is very greatly enhanced and may be obtained as long as 6 hours after the 
death of the animal. Similar results were obtained with small doses of 
adrenaline. | 

The results emphasise the facts pointed out by Burridge and later 
by van Slyke & Hastings that although the amount of calcium in 
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‘ Ringer’s solution is optimal for the spontaneous contraction of the 
rabbit's heart it may prevent the demonstration of the optimal action of 


| REFERENCES 


Burridge, W. and Seth, D. N. (1928). Quart. J. exp. Physiol. 19, 201. 
Hemingway, H. and McDowall, R. J. S. (1926). J. Physiol. 62, 116. 
McDowall, R. J. S. (1928). Ibid. 65, 25. 

van Slyke, H. B. and Hastings, A. B. (1928). Amer. J. Physiol. 88, 563. 


Action of adrenaline on the knee jerk. By A. ScHWEITZER 
and Samson WRIGHT 


Intravenous injection into cats under chloralose anesthesia of adrenal- 
ine in doses of 0-2-0-4 mg. produces various effects on the knee jerk. The 
usual result is a depression or abolition of the jerk, often accompanied 
by some decrease in muscle tone. The depression sets in after a latent 
period which varies from one-half to several minutes and gradually 
becomes more intense. Recovery sets in gradually and is usually com- 
plete after 10-40 min.; not infrequently, however, complete recovery does 
not occur. In some experiments the depression is preceded by an initial 
increase in the response, or there may be a triple reaction consisting of an 


initial depression, secondary stimulation and a final depression, following 


which there is the usual tendency to recovery. The characteristic diminu- 
tion in the knee jerk is still produced by adrenaline after denervation of 
the carotid sinuses and section of the vagi, or after division of the spinal 
cord in the mid-thoracic region. It is not associated with or dependent 
on any peripheral depression of the muscle as shown by the unimpaired 
response of the quadriceps to stimulation of its motor nerve. If the 
anesthesia is light and the animal shows spontaneous movements, these 
may be found to disappear after the injection of adrenaline at the same 
time as the knee jerk declines, and to return as the knee jerk recovers. 
Feldberg & Schriever[1936] found that adrenaline in the eserinized 
animal caused the appearance of acetylcholine in the cerebro-spinal fluid. 
As the intravenous injection of acetylcholine was found to depress the 
knee jerk, the effects of adrenaline were examined in the atropinized 
animals which had been injected with 3 mg. eserine. Under these condi- 
tions adrenaline still produces its characteristic effect on the knee jerk 
but the depressant action is not potentiated. 
An attempt has been made to compare the effects of anoxia of the 
central nervous system induced in various ways with those resulting from 
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the injection of adrenaline. The inhalation of 2 p.c. oxygen produces a 
marked increase in quadriceps tone accompanied by decrease of the knee 
jerk. Moderate anoxia from inhalation of 8 p.c. oxygen mixture may 
produce a slight increase in tone (but not invariably), and some diminution 
of the jerk. An increase in tone has, however, never been observed 
following the injection of adrenaline. A sudden marked lowering of the 
blood pressure, e.g. from 130 to 60 mm., by means of hemorrhage in the 
denervated animal is commonly without effect on the knee jerk. In 
animals with vagi cut, clipping of the carotid arteries produces a rapid 
and marked rise of blood pressure due to generalized vaso-constriction. 
This procedure may occasionally (but not regularly) be accompanied by 
a substantial decrease in the knee jerk; when this occurs the depression 
is still obtained after exclusion of the suprarenal glands. — 
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Action of adrenaline on the electromyogram in decerebrate 
rigidity. By W. F. Fioyp and C. A. KRRIR 


Following on the results recorded in the previous communication by 
Schweitzer & Wright [1936], electrical potentials were recorded from 
the quadriceps muscle of decerebrate cats by means of an Adrian con- 
centric needle electrode, amplifier and cathode-ray oscillograph unit. The 
potential changes characteristic of decerebrate rigidity were observed for a 
preliminary period, and if the preparation was found to be free from 
spontaneous fluctuations, the effects of intravenous injection of adrenal- 
ine in doses of 0-2-0-4 mg. were determined. The results obtained in ten 
animals can be summarized as follows: ! 

(1) A brief cessation of activity lasting for 2 or 3 sec. occurred at about 
15 sec. after injection. | 

(2) The original activity returned and in some cases was enhanced. 

(3) The activity declined gradually and finally ceased completely at 
from 45 to 90 sec. after injection. 

(4) The activity returned gradually to the original level at from 3 to 
40 min. after injection, in some cases returning and ceasing alternately 
before attaining the original level. The activity was subsequently en- 
hanced in certain cases. 
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